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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light-exposure 
method capable of enhancing the throughput and deciding the 
size of a substrate stage irrespective of a base line amount. 
SOLUTION: For example, while a pattern image of a mask R is 
exposed to lights via a projection optical system PL on a 
substrate W held by a stage WS2, a location relations between a 
positioning mark on the substrate W held by a stage WS1 and a 
reference point on the stage WS1 is measured. After the 
substrate W held by the stage WS2 is completed being exposed 
to lights, under a state that a reference point on the stage WS1 
is positioned in a projection region of the projection optical 
system PL, location deviations of the reference point on the 
stage WS1 with respect to a specific reference point in the 
projection region and a coordinate location of the stage WS1 at 
the time of detecting the location deviations are detected. 
Thereafter, movements of the stage WS1 are controlled based 
on the detection results, and the substrate W held by the stage 
WS1 is positioned to the pattern image of the mask R. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the exposure approach which exposes the image of the pattern formed in the mask on an 
induction substrate through projection optics. Hold an induction substrate and two independently movable 
substrate stages are respectively prepared for the inside of the same flat surface. The pattern image of said 
mask is exposed through said projection optics on the induction substrate held on one substrate stage of said 
two substrate stages. During exposure of the induction substrate held on one [ said ] substrate stage, the 
physical relationship of the alignment mark on the induction substrate held on the substrate stage of another 
side of said two substrate stages and the reference point on the stage of said another side is measured. After 
exposure termination of the induction substrate held on one [ said ] substrate stage, the reference point on 
the substrate stage of said another side in the condition of having positioned in the projection field of said 
projection optics The coordinate location of a location gap of the origin/datum on the substrate stage of said 
another side to the predetermined origin/datum in the projection field and the substrate stage of said another 
side is detected. The exposure approach characterized by performing alignment of the induction substrate 
which controlled migration of the substrate stage of said another side based on said detected physical 
relationship, said detected location gap, and said detected coordinate location, and was held on the stage of 
said another side, and the pattern image of said mask. 

[Claim 2] It is the aligner which exposes a pattern on an induction substrate through projection optics. Said 
projection optics is established independently, an induction substrate — holding — the inside of a two- 
dimensional flat surface — the movable 1st substrate stage and; induction substrate — holding — the inside of 
the same flat surface as said 1st substrate stage — said 1st substrate stage - the independently movable 2nd 
substrate stage and; — Interferometer systems for measuring the two-dimensional location of the alignment 
system for detecting thesmark on the induction substrate held on said substrate stage or on this stage, the 1st 
substrate stage of; above, and the 2nd substrate stage, respectively; each of said two substrate stages The 1st 
predetermined location in the stage successive range at the time of the exposure to which exposure is 
performed through said projection optics to the induction substrate held on this stage, By said alignment 
system On a stage Or the migration means to which it is made to move between the 2nd predetermined 
location in the stage successive range at the time of the alignment to which mark detection on the induction 
substrate held on this stage is carried out; while the induction substrate held on one stage of said 1st 
substrate stage and the 2nd substrate stages is exposed So that mark detection actuation by said alignment 
system may be performed on the stage of another side of said 1st substrate stage and the 2nd substrate stages 
The aligner which has the control means which controls said migration means and replaces the location of 
one [ said ] substrate stage and the substrate stage of another side after controlling actuation of said two 
stages, canying out the monitor of the measurement value of said interferometer systems. 
[Claim 3] It is the aligner according to claim 1 characterized by to equip said interferometer systems with 
the 1st length measurement shaft and the 2nd length measurement shaft which cross at right angles to 
mutual focusing on projection of said projection optics, and the 3rd length measurement shaft and the 4th 
length measurement shaft which cross at right angles to mutual focusing on detection of said alignment 
system, and to reset the length-measurement shaft of said interferometer systems in case said control means 
replaces the location of the stage of said one side and another side. 

[Claim 4] It is the aligner which exposes a pattern on an induction substrate through projection optics. Said 
projection optics is established independently, an induction substrate — holding — the inside of a two- 
dimensional flat surface — the movable 1st substrate stage and; induction substrate — holding - the inside of 
the same flat surface as said 1st substrate stage — said 1st substrate stage — the independently movable 2nd 
substrate stage and; — Interferometer systems for measuring the two-dimensional location of the alignment 
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system for detecting the mark on the induction substrate held on said substrate stage or on this stage, the 1st 
substrate stage of; above, and the 2nd substrate stage, respectively; each of said two substrate stages The 1st 
predetermined location in the stage successive range at the time of the exposure to which exposure is 
performed through said projection optics to the induction substrate held on the stage, The 2nd predetermined 
location in the stage successive range at the time of the alignment to which mark detection on the induction 
substrate held by said alignment system on a stage or on this stage is carried out, The migration means to 
which delivery of an induction substrate is carried out between a substrate stage and an external substrate 
conveyance device, and it is made to move among 3 points of the 3rd location of****; The location of one 
stage of said 1st substrate stage and the 2nd substrate stages is managed by said interferometer systems. 
While a pattern is exposed through said projection optics by the induction substrate held on one [ this ] stage 
Said 1st substrate stage And the alignment actuation which measures the physical relationship of exchange 
of an induction substrate and the alignment mark on said induction substrate, and the reference point on the 
stage of said another side based on the detection result of said alignment system and the measurement value 
of said interferometer systems on the stage of another side of the 2nd substrate stages While controlling said 
two substrate stages and said migration means to be carried out one by one The aligner which has the 
control means which controls said two stages and said migration means so that the actuation performed on 
said two stages may interchange, after both actuation of said two stages is completed. 
[Claim 5] The aligner according to claim 4 with which the image of the pattern which has further the mask 
with which the pattern was formed and was formed in said mask is characterized by carrying out projection 
exposure at the induction substrate on said 1st substrate stage and the 2nd substrate stage through projection 
optics. 

[Claim 6] The 1st length measurement shaft and the 2nd length measurement shaft with which said 
interferometer systems cross at right angles to mutual focusing on projection of said projection optics, It has 
the 3rd length measurement shaft and the 4th length measurement shaft which cross at right angles to mutual 
focusing on detection of said alignment system. Said control means The aligner according to claim 5 
characterized by resetting the 1st and 2nd length measurement shaft of said interferometer systems in the 
case of migration in said 1st location, and resetting the 3rd and 4th length measurement shaft of said 
interferometer systems about each of said two stages in the case of migration in said 2nd location. 
[Claim 7] The aligner according to claim 6 characterized by having further a mark location detection means 
to detect the relative-position relation between the projection core of the pattern image of said mask, and the 
reference point on said stage through said mask and said projection optics. 

[Claim 8] It has the substrate attachment component which said each substrate stage is carried free 
[ attachment and detachment ] on a stage body and this body, and holds a substrate. The reflector for 
interferometers is established in the side face of this substrate attachment component, and a reference mark 
is formed in the top face of said substrate attachment component as said reference point. An aligner given in 
claim 2 to which said migration means is characterized by moving said substrate attachment component 
between said every place points instead of said substrate stage thru/or any 1 term of 7. 
[Claim 9] Said migration means is an aligner given in claim 2 characterized by being constituted by the 
robot arm thru/or any 1 term of 8. 

[Claim 10] An aligner given in claim 2 characterized by attaching in said projection optics and said 
alignment system the fixed mirror which serves as criteria of length measurement by the interferometer, 
respectively thru/or any 1 term of 9. 

[Claim 1 1] It is an aligner given in claim 2 characterized by holding the induction substrate other than said 
1st substrate stage and the 2nd substrate stage, and these stages having further at least one another, 
independently movable substrate stage for the inside of said two same flat surfaces as a substrate stage 
thru/or any 1 term of 10. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the exposure approach and an aligner, and relates to 
aligners, such as drawing equipment which carries out direct writing of the pattern on an induction substrate 
by the charged-particle line of a laser beam, and an electron ray and others etc., for manufactures, such as 
the exposure approach which exposes the mask pattern used in more detail in case a semiconductor device, a 
liquid crystal display component, etc. are manufactured at a lithography process on an induction substrate 
through projection optics and an aligner or a semiconductor device, and a mask for semiconductor device 
manufacture. This invention has the description at the point of having two or more substrate stages holding 
an induction substrate. 
[0002] 

[Description of the Prior Art] Although various aligners are conventionally used when manufacturing a 
semiconductor device or a liquid crystal display component at a photolithography process In current, a photo 
mask or the pattern image of a reticle (it is hereafter named a "reticle" generically) Generally the projection 
aligner imprinted on substrates (an "induction substrate" or a "wafer" is called suitably hereafter), such as a 
wafer with which sensitization material, such as a photoresist, was applied to the front face through 
projection optics, or a glass plate, is used. The so-called contraction projection aligner (the so-called stepper) 
of the step-and-repeat method which lays an induction substrate on a freely movable substrate stage two- 
dimensional, is made to carry out stepping (stepping) of the induction substrate by this substrate stage as this 
projection aligner in recent years, and repeats the actuation which carries out sequential exposure of the 
pattern image of a reticle to each shot field on an induction substrate is in use. 

[0003] Comparatively many projection aligners (for example, scanning aligner which was indicated by JP,7- 
176468, A) of step - which added amelioration to quiescence mold aligners, such as this stepper, and - 
scanning method have also recently come to be used. It has the equalization effectiveness by carrying out 
the relative scan of a reticle and the wafer to ** projection optics which can expect a high throughput by 
reduction of the shots per hour by large field exposure, and has a merit with the expectable improvement in 
distortion or the depth of focus while manufacture of projection optics is easy for it, since the projection 
aligner of this step - and - scanning method can expose the large field by smaller optical system compared 
with ** stepper. 

[0004] In this kind of projection aligner, it is necessary to perform alignment (alignment) of a reticle and a 
wafer with high precision in advance of exposure. In order to perform this alignment, on the wafer, the mark 
for location detection (alignment mark) formed at the former photolithography process (exposure imprint) is 
prepared, and the exact location of a wafer (or circuit pattern on a wafer) can be detected by detecting the 
location of this alignment mark. 

[0005] Although there is a thing of the on-axis method which divides roughly and performs mark detection 
through a projection lens as an alignment microscope which detects an alignment mark, and the off axis 
method which performs mark detection without a projection lens, in the projection aligner using the excimer 
laser which will become the future mainstream, the alignment microscope of an off axis method is the 
optimal. Since amendment of chromatic aberration is made to exposure light, this a projection lens As 
opposed to the error by chromatic aberration becoming very big, even if in the case of an on-axis it cannot 
condense alignment light or is able to condense the alignment microscope of an off axis method It is because 
a free optical design's being possible and various alignment systems can be used, without taking such 
chromatic aberration into consideration, since it is prepared apart from the projection lens. For example, a 
phase-contrast microscope, a differential interference microscope, etc. can be used. 
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[0006] By the way, the flow of the processing in this kind of projection aligner has become like size Yoji. 
[0007] ** The wafer load process which loads a wafer on a wafer table using a wafer loader is performed 
first, and the so-called search alignment is performed by being based on a wafer appearance subsequently 
etc. 

[0008] ** Next, the fine alignment process which asks for the location of each shot field on a wafer 
correctly is performed. Generally as for this fine alignment process, an EGA (en hunger strike global 
alignment) method is used. This method Choose two or more sample shots in a wafer, and sequential 
measurement of the location of the alignment mark (wafer mark) attached to the sample shot concerned is 
carried out. Based on this measurement result and the design value of a shot array, the statistics operation by 
the so-called least square method etc. is performed. It can ask for all the shot array data on a wafer, and can 
ask for the coordinate location of each shot field comparatively with high precision by the high throughput 
(reference, such as JP,6 1-44429, A). 

[0009] ** Next, the exposure process which imprints the pattern image of a reticle on a wafer through 
projection optics is performed, carrying out sequential positioning of each shot field on a wafer in an 
exposure location based on the coordinate location of each shot field for which it asked with the EGA 
method mentioned above, and the amount of base lines measured beforehand. 

[0010] ** Next, the wafer unload process to which the unload of the wafer on the wafer table by which 
exposure processing was carried out is carried out using a wafer unloader is performed. This wafer unload 
process is performed to the wafer load process and coincidence of the above-mentioned **. That is, a wafer 
exchange process is constituted by ** and **. 

[001 1] thus — the conventional projection aligner — wafer exchange (search alignment is included) -> fine 
alignment -> exposure -> wafer exchange — like three actuation is greatly performed repeatedly using 
one wafer stage. 
[0012] 

[Problem(s) to be Solved by the Invention] It is requested inevitably that the throughput, i.e., a throughput, 
whether it can carry out exposure processing of the wafer of the number of sheets of which in fixed time 
amount since the projection aligner mentioned above is used mainly as mass-production machines, such as a 
semiconductor device, should be raised. 

[0013] Although it is necessary about this to shorten the time amount which each actuation takes from three 
actuation mentioned above being performed sequentially with the present projection aligner for the 
improvement in a throughput, since 1 actuation is only performed to one wafer, the wafer exchange (search 
alignment is included) of the effectiveness of an improvement is comparatively small. Moreover, in case the 
EGA method mentioned above is used for the time amount which fine alignment takes, it can be shortened 
by lessening the number of samplings of a shot or shortening the measurement time amount of a shot simple 
substance, but since alignment precision is made to deteriorate on the contrary, these things cannot shorten 
the time amount which fine alignment takes easily. 

[0014] Therefore, although it will be said that it is the most effective in order for it to be improvement in a 
throughput to shorten conclusively the time amount which exposure takes Although the pure wafer exposure 
time and the stage stepping time between shots are included in this exposure actuation in the case of the 
stepper and it becomes indispensable that the quantity of light of the light source is large at compaction of 
the wafer exposure time In this kind of projection aligner, as important conditions besides the above- 
mentioned throughput side There are resolution, ** depth of focus (DOF:Depth of Forcus), ** line breadth 
control precision, etc. ** Resolution R When exposure wavelength is set to lambda and numerical aperture 
of a projection lens is made into N.A. (Numerical Aperture), it is proportional to lambda/N.A., and the depth 
of focus DOF is lambda/2 (N. A.). It is proportional. For this reason, it is the bright line (g lines) of the extra- 
high pressure mercury lamp which it is required for wavelength to be also short as the light source, and was 
used conventionally. It is said that the excimer laser previously described as what satisfies the requirements 
for both that power is large compared with i line etc., and it is short wavelength becomes the future 
mainstream, wavelength is shorter than this, the quantity of light is large, and the light source suitable as the 
light source of an aligner is not considered at a present stage. Therefore, when using excimer laser as the 
light source, the improvement in the above throughput can seldom be expected, but there is a limitation also 
in improvement in the throughput by the device of the light source. 

[0015] On the other hand, the improvement in full speed and the highest acceleration having un-arranged 
[ of being easy to cause degradation of the positioning accuracy of a stage ], although the full speed of the 
stage holding a wafer and the highest acceleration needed to be raised for compaction of the stage stepping 
time between shots. In addition, although compaction of the exposure time of a wafer is possible for the case 
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of a scanning projection aligner like step - and - scanning method by gathering the relative scan speed of a 
reticle and a wafer, since the improvement in a relative scan speed tends to cause degradation of 
synchronous precision, a scan speed cannot be gathered easily. Therefore, it is necessary to raise the 
controllability of a stage. 

[0016] However, it is not easy to raise the controllability of a stage with the equipment using an off-axis 
alignment microscope like the projection aligner using the excimer laser which will become the mainstream 
especially from now on. At namely, the time of exposure of the mask pattern which minds projection optics 
in this kind of projection aligner In order to manage the location of a wafer stage correctly without an Abbe 
error in both times of alignment and to realize highly precise superposition It is necessary to set up so that 
the length measurement shaft of a laser interferometer may pass along the projection core of projection 
optics, and the detection core of an alignment microscope, respectively. And since it is necessary to make it 
both the length measurement shaft which passes along the projection core of said projection optics by both 
with the inside of the successive range of the stage at the time of alignment in the successive range of the 
stage at the time of exposure, and the length measurement shaft passing through the detection core of an 
alignment microscope not go out, It is because a stage is enlarged inevitably. 

[001 7] As mentioned above, by the technique of shortening the time amount which each actuation of three 
actuation mentioned above takes, it is difficult to raise a throughput without any demerit, and looked 
forward to the appearance of the new technique which raises a throughput by technique different from this. 
[001 8] This invention was made under this situation, and the purpose of invention according to claim 1 is to 
offer the exposure approach that the magnitude of a substrate stage can be defined regardless of the amount 
of base lines while being able to raise a throughput. 

[0019] Moreover, claim 2 thru/or the purpose of invention given in 1 1 are to offer the aligner which can 

raise a throughput. 

[0020] 

[Means for Solving the Problem] If three actuation mentioned above, i.e., wafer exchange, (search 
alignment is included), fine alignment, and two or more actuation of the exposure actuation can be 
processed in [ that it is also partial ] concurrency, it will be thought compared with the case where these 
actuation is performed sequentially that a throughput can be raised. This invention was made paying 
attention to this viewpoint, and following approaches and configurations are used for it. Namely, invention 
according to claim 1 is the exposure approach which exposes the image of the pattern formed in the mask 
(R) on an induction substrate (W) through projection optics (PL). An induction substrate (W) is held. 
Prepare two independently movable substrate stages (WS1, WS2) for the inside of the same flat surface 
respectively, and said projection optics (PL) is minded on; induction substrate (W) held on one substrate 
stage (WS1 or WS2) of said two substrate stages (WS1, WS2). During exposure of the induction substrate 
(W) which exposed the pattern image of said mask (R) and was held on; aforementioned one substrate stage 
(WS1 or WS2) After exposure termination of the induction substrate which measured the physical 
relationship of the alignment mark on the induction substrate (W) held on the substrate stage (WS2 or WS1) 
of another side of said two substrate stages, and the origin/datum on the stage (WS2 or WS1) of said another 
side, and was held on; aforementioned one substrate stage In the condition of having positioned in the 
projection field of said projection optics (PL), the reference point on the substrate stage of said another side 
The physical relationship by which detected the coordinate location of a location gap of the origin/datum on 
the substrate stage of said another side to the predetermined origin/datum in the projection field, and the 
substrate stage of said another side, and the; aforementioned detection was carried out, Based on said 
detected location gap and said detected coordinate location, migration of the substrate stage of said another 
side is controlled, and it is characterized by performing alignment of the induction substrate held on the 
stage of said another side, and the pattern image of said mask. 

[0021] While exposure of the pattern image of said mask (R) is performed through said projection optics 
(PL) on the induction substrate (W) held on one substrate stage (WS1 or WS2) of the two substrate stages 
(WS1, WS2) according to this ** The physical relationship of the alignment mark on the induction substrate 
(W) held on the substrate stage (WS2 or WS1) of another side of the two substrate stages and the reference 
point on the stage (WS2 or WS1) of another side is measured. Thus, since exposure actuation by the side of 
one substrate stage and alignment actuation by the side of the substrate stage of another side (measurement 
of the physical relationship of the alignment mark on the induction substrate held on the substrate stage of 
another side and the reference point on the stage of another side) can be performed in parallel, it is possible 
to aim at improvement in a throughput compared with the conventional technique in which these actuation 
was performed sequentially. 
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[0022] and the condition positioned the reference point on the substrate stage (WS2 or WS1) of said another 
side in the projection field of projection optics (PL) after exposure termination of the induction substrate 
held on one above-mentioned substrate stage -- ** — a location gap and ** of the reference point on the 
substrate stage of another side to the predetermined reference point in the projection field — the coordinate - 
location of the substrate stage of another side at the time of the location gap detection is detected. Based on 
the physical relationship of which ** detection was done, the location gap of which ** detection was done, 
and the coordinate location of which ** detection was done, migration of the substrate stage (WS2 or WS1) 
of another side is controlled after that, and alignment of the induction substrate held on the stage of another 
side and the pattern image of said mask is performed. 

[0023] For this reason, the interferometer which manages the location of the substrate stage concerned at the 
time of physical relationship detection with the predetermined origin/datum on the substrate stage of another 
side of **, and the alignment mark on an induction substrate (or system of coordinates), ** There is nothing, 
any [ even when the interferometer (or system of coordinates) which manages the location of the stage in the 
case of location gap detection of ** and detection of the coordinate location of a substrate stage is the same, 
even if it differs ] — inconvenient — Alignment of the pattern image of a mask and the induction substrate 
carried in the substrate stage of said another side can be performed with high precision. 
[0024] Therefore, when [ for example, ] the alignment system of an off axis is used as a mark detection 
system which detects an alignment mark, The predetermined reference point in the projection field of 
projection optics (projection core of the pattern image of a mask), and the physical relationship based on [ of 
an alignment system ] detection, Namely, since measurement of the amount of base lines becomes 
unnecessary, and there is no un-arranging even if projection optics and an alignment system are greatly 
separated as a result The magnitude of a substrate stage can be set up regardless of the amount of base lines, 
and even if it lightweight[ small and ]-izes a substrate stage, any pattern which minded mark location 
measurement and projection optics to the whole surface of an induction substrate can be exposed that there 
is nothing inconvenient. In this case, it is not influenced by the amount of base lines of fluctuation. 
[0025] Invention according to claim 2 is an aligner which exposes a pattern on an induction substrate (W) 
through projection optics (PL). Hold an induction substrate (W) and the movable 1st substrate stage (WS1) 
and; induction substrate (W) are held for the inside of a two-dimensional flat surface. The inside of the same 
flat surface is independently established in the 2nd substrate stage (WS2) where said 1st substrate stage 
(WS1) is independently movable, and the; aforementioned projection optics (PL) as said 1st substrate stage 
(WS1). On said substrate stage (WS1, WS2) Or interferometer systems for measuring the two-dimensional 
location of the alignment system (WA) for detecting the mark on the induction substrate (W) held on this 
stage, the 1st substrate stage of; above, and the 2nd substrate stage, respectively (26); each of said two 
substrate stages The 1st predetermined location in the stage successive range at the time of the exposure to 
which exposure is performed through said projection optics to the induction substrate held on this stage, By 
said alignment system On a stage or the migration means (20 — ) to which it is made to move between the 
2nd predetermined location in the stage successive range at the time of the alignment to which mark 
detection on the induction substrate held on this stage is carried out While the induction substrate held on 
one stage of 22), the; 1st substrate stage, and the 2nd substrate stages is exposed So that mark detection 
actuation by said alignment system (WA) may be performed on the stage of another side of said 1st 
substrate stage and the 2nd substrate stages After controlling actuation of said two stages, carrying out the 
monitor of the measurement value of said interferometer systems (26), it has the control means (28) which 
controls said migration means (20 22) and replaces the location of one [ said ] substrate stage and the 
substrate stage of another side. 

[0026] While the induction substrate held on one stage is exposed by the control means (28) according to 
this, so that mark detection actuation by the alignment system (WA) may be performed on the stage of 
another side After actuation of two stages is controlled carrying out the monitor of the measurement value of 
interferometer systems (26), a migration means (20 22) is controlled and exchange of the location of one 
substrate stage and the substrate stage of another side is performed. For this reason, by parallel processing of 
the exposure actuation by the side of one substrate stage, and the alignment actuation by the side of the stage 
of another side, while improvement in a throughput is possible If it is made to exchange an induction 
substrate on the substrate stage located after exchange of a location in the 2nd location Actuation of both 
stages is replaced, and while the induction substrate held on the stage of another side is exposed, it becomes 
possible to perform mark detection actuation by the alignment system (WA) in parallel on one stage. 
[0027] Invention according to claim 3 is set to an aligner according to claim 2. Said interferometer systems 
(26) The 1st length measurement shaft (Xe) and the 2nd length measurement shaft (Y e) which cross at right 
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angles to mutual focusing on projection of said projection optics (PL), It has the 3rd length measurement 
shaft (Xa) and the 4th length measurement shaft (Y a) which cross at right angles to mutual focusing on 
detection of said alignment system (WA). Said control means (28) In case the location of the stage of said 
one side and another side is replaced, it is characterized by resetting the length measurement shaft (Xe, Ye, 
Xa, Ya) of said interferometer systems (26). 

[0028] The 1 st length measurement shaft (Xe) and the 2nd length measurement shaft (Y e) with which 
interferometer systems (26) cross at right angles to mutual focusing on projection of projection optics (PL) 
according to this, From having the 3rd length measurement shaft (Xa) and the 4th length measurement shaft 
(Ya) which cross at right angles to mutual focusing on detection of an alignment system (WA) The location 
of a substrate stage (WS1, WS2) is correctly manageable without the error of ABBE at the time of any at the 
time of exposure of the pattern to the induction substrate top through projection optics, and detection of the 
location detection mark by the alignment system. Moreover, in case a control means (28) replaces the 
location of the stage of one side and another side Since the length measurement shaft (Xe, Ye, Xa, Ya) of 
interferometer systems (26) is reset, even if the length measurement shaft of the interferometer systems 
which had managed the location of each substrate stage till then on the occasion of exchange of a location 
once goes out If the location which resets the length measurement shaft (Xe, Ye, Xa, Ya) of interferometer 
systems (26) is beforehand set to the position, it will become possible after reset to manage the location of 
the 1st and 2nd substrate stage using the measurement value of the reset length measurement shaft. 
[0029] Invention according to claim 4 is an aligner which exposes a pattern on an induction substrate (W) 
through projection optics (PL). Hold an induction substrate (W) and the movable 1st substrate stage (WS1) 
and; induction substrate (W) are held for the inside of a two-dimensional flat surface. Said projection optics 
(PL) is established independently, the inside of the same flat surface as said 1st substrate stage (WS1) — said 
1st substrate stage « the independently movable 2nd substrate stage (WS2) and; » Interferometer systems 
for measuring the two-dimensional location of the alignment system (WA) for detecting the mark on the 
induction substrate held on said substrate stage or on this stage, the 1st substrate stage of; above, and the 2nd 
substrate stage, respectively (26); each of said two substrate stages The 1st predetermined location in the 
stage successive range at the time of the exposure to which exposure is performed through said projection 
optics (PL) to the induction substrate (W) held on the stage, The 2nd predetermined location in the stage 
successive range at the time of the alignment to which mark detection on the induction substrate held by said 
alignment system (WA) on a stage or on this stage is carried out, The location of one stage of the migration 
means (20 22) and the; 1st substrate stage (WS1) to which delivery of an induction substrate is performed 
between a substrate stage and an external substrate conveyance device, and it is made to move among 3 
points of the 3rd location of ****, and the 2nd substrate stages (WS2) Said interferometer systems While a 
pattern is exposed through said projection optics (PL) by the induction substrate (W) which was managed by 
(26) and held on one [ this ] stage Said 1st substrate stage On the stage of another side of the 2nd substrate 
stages, and an induction substrate Exchange of (W) And said induction substrate (W) So that alignment 
actuation which measures the physical relationship of the upper alignment mark and the reference point on 
the stage of said another side based on the detection result of said alignment system (WA) and the 
measurement value of said interferometer systems (26) may be performed one by one While controlling said 
two substrate stages (WS1, WS2) and said migration means (20 22) After both actuation of said two stages 
is completed, it has the control means (28) which controls said two stages and said migration means so that 
the actuation performed on said two stages may interchange. 

[0030] According to this, the location of one substrate stage is managed by interferometer systems by the 
control means. While a pattern is exposed through projection optics by the induction substrate held on one 
[ this ] substrate stage On the substrate stage of another side, exchange of an induction substrate (W) And 
the induction substrate after the exchange (W) So that alignment actuation which measures the physical 
relationship of the upper alignment mark and the reference point on the stage of another side based on the 
detection result of an alignment system (WA) and the measurement value of interferometer systems (26) 
may be performed one by one Two substrate stages (WS1, WS2) and a migration means (20 22) are 
controlled. For this reason, much more improvement in a throughput is possible by parallel processing with 
exchange of the induction substrate by the side of the exposure actuation by the side of one substrate stage, 
and the stage of another side, and alignment actuation. In this case, since exchange of an induction substrate 
is performed in the 3rd different location from the 1st location and the 2nd location, this exchange can be 
performed in a location different from an alignment system and projection optics, and there is also no un- 
arranging [ that an alignment system and projection optics become the hindrance of exchange of an 
induction substrate ]. 
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[003 1] Moreover, in both control means, after actuation of two stages is completed, so that the actuation 
performed on two stages may interchange From controlling two stages and migration means, after 
termination of the two above-mentioned stages of operation this — then, while the induction substrate held 
on the stage of another side is exposed, it becomes possible to perform mark detection actuation by the 
alignment system (WA) in parallel on one stage. 

[0032] In this case, although direct writing of the pattern may be carried out with an electron beam on an 
induction substrate, using for example, an electronic lens-barrel as projection optics The mask (R) with 
which the pattern was formed like invention according to claim 5 is prepared further. The projection 
exposure of the image of the pattern formed in said mask (R) may be made to be carried out at the induction 
substrate (W) on said 1st substrate stage (WS1) and the 2nd substrate stage (WS2) through projection optics 
(PL). 

[0033] Invention according to claim 6 is set to an aligner according to claim 5. Said interferometer systems 
(26) The 1 st length measurement shaft (Xe) and the 2nd length measurement shaft (Y e) which cross at right 
angles to mutual focusing on projection of said projection optics (PL), It has the 3rd length measurement 
shaft (Xa) and the 4th length measurement shaft (Ya) which cross at right angles to mutual focusing on 
detection of said alignment system (WA). Said control means (28) About each of said two stages (WS1, 
WS2), the 1st and 2nd length measurement shaft (Xe and Ye) of said interferometer systems (26) is reset in 
the case of migration in said 1 st location. It is characterized by resetting the 3rd and 4th length measurement 
shaft (Xa and Ya) of said interferometer systems (26) in the case of migration in said 2nd location. 
[0034] The 1st length measurement shaft (Xe) and the 2nd length measurement shaft (Y e) with which 
interferometer systems (26) cross at right singles to mutual focusing on projection of projection optics (PL) 
according to this, From having the 3rd length measurement shaft (Xa) and the 4th length measurement shaft 
(Ya) which cross at right angles to mutual focusing on detection of an alignment system (WA) The location 
of a substrate stage (WS1 , WS2) is correctly manageable without the error of ABBE at the time of any at the 
time of exposure of the pattern to the induction substrate top through projection optics, and detection of the 
location detection mark by the alignment system. A control means (28) moreover, about each of two stages 
(WS1, WS2) The 1st and 2nd length measurement shaft (Xe and Ye) of interferometer systems (26) is reset 
in the case of migration in the 1 st location. From resetting the 3rd and 4th length measurement shaft (Xa and 
Ya) of interferometer systems (26) in the case of migration in the 2nd location The length measurement 
shaft needed in each actuation before exposure initiation and alignment measurement initiation also about 
which substrate stage is resettable. Even if the length measurement shaft of the interferometer systems 
which had managed the location of each substrate stage till then once goes out, it becomes possible after 
reset to manage the location of both the stages at the time of alignment using the measurement value of the 
reset length measurement shaft at the time of exposure. 

[0035] In this case, it is desirable like invention according to claim 7 to have further a mark location 
detection means (52A, 52B) to detect the relative-position relation between the projection core of the pattern 
image of said mask (R) and the reference point on said stage through said mask (R) and said projection 
optics (PL). In this case, when a substrate stage (WS1, WS2) is positioned in the location where detection of 
the predetermined origin/datum on a substrate stage (18) and the physical relationship based on [ of a mask 
pattern image ] projection is attained in the projection field of projection optics (PL) The physical 
relationship of the projection core of the pattern image of a mask (R) and the reference point on a substrate 
stage is detectable through a mask (R) and projection optics (PL) with a mark location detection means 
(52A, 52B). It is desirable that the location where detection of the predetermined reference point on a 
substrate stage (18) and the physical relationship based on [ of a mask pattern image ] projection is attained 
in the projection field of projection optics (PL) is defined as the 1st location in this case, and it is made to 
perform reset of the 1st and 2nd length measurement shaft in this location. 

[0036] In each above-mentioned invention said each substrate stage (WS1, WS2) like invention according to 
claim 8 A stage body (WSla, WS2a), It has the substrate attachment component (WSlb, WS2b) which is 
carried free [ attachment and detachment ] on this body (WSla, WS2a), and holds a substrate. The reflector 
for interferometers is established in the side face of this substrate attachment component (WSlb, WS2b), 
and it is a reference mark (it WM(s)) as said reference point in the top face of said substrate attachment 
component. When RM) is formed, you may make it said migration means (20 22) move said substrate 
attachment component between said every place points instead of said substrate stage. 
[0037] [ in these cases ] moreover, as a migration means Among 3 points of the 1st location, the 2nd 
location, and the 3rd location (or between the 1st location and the 2nd location) an interferometer 
measurement value --**** for monitors — as long as it moves a substrate stage or a substrate attachment 
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component without things, what kind of thing may be used, for example, the migration means may be 
. constituted by the robot arm (20 22) like invention according to claim 9. 
[0038] Moreover, in each above-mentioned invention, although the fixed mirror used as the criteria of 
length measurement of interferometer systems may be arranged anywhere, it may attach in said projection 
optics (PL) and said alignment system (WA) the fixed mirror (14X, 14Y, 18X, 18Y) which serves as criteria 
of length measurement by the interferometer, respectively like invention according to claim 10. In this case, 
compared with the case where a fixed mirror is in other locations, it is hard to produce an error in a length 
measurement result under the effect of location fluctuation of the fixed mirror resulting from location 
fluctuation of a fixed mirror with time or vibration of equipment. 

[0039] In each above-mentioned invention, although only two, the 1st substrate stage and the 2nd substrate 
stage, were prepared, like invention according to claim 1 1, the induction substrate other than said 1st 
substrate stage (WS1) and the 2nd substrate stage (WS2) may be held, and these stages may prepare further 
at least one another, independently movable substrate stage for the inside of said two same flat surfaces as a 
substrate stage. 
[0040] 

[Embodiment of the Invention] 

« — 1st operation gestalt» — the 1st operation gestalt of this invention is hereafter explained based on 
drawing 1 thru/or drawing 4 . 

[0041] The configuration of the aligner 100 concerning the 1st operation gestalt is shown in drawin g 1 . This 
aligner 100 is a contraction projection mold aligner (the so-called stepper) of a step-and-repeat method. 
[0042] The reticle stage RST where this projection aligner 100 holds the reticle R as an illumination system 
IOP and a mask, The projection optics PL which projects the image of the pattern formed in Reticle R on the 
wafer W as an induction substrate Wafer W is held. A base 12 top as the movable 1st substrate stage in the 
secondary XY direction The interferometer systems 26 which hold the ** wafer stage WS 1 and Wafer W, 
and measure each location of the wafer stages WS1 and WS2 of 2 or 2 wafer stages WS as the movable 2nd 
substrate stage for a base 12 top in the XY two-dimensional direction independently in the wafer stage WS 
1, It has the main control unit 28 grade as a control means which consists of the minicomputer (or 
microcomputer) constituted including CPU, ROM, RAM, an I/O interface, etc., and carries out 
generalization control of the whole equipment. 

[0043] Said illumination system IOP consists of the light sources (a mercury lamp or excimer laser) and an 
illumination-light study system which consists of a fly eye lens, a relay lens, a condensing lens, etc. This 
illumination system IOP illuminates the pattern of the inferior surface of tongue (pattern formation side) of 
Reticle R by uniform illumination distribution by the illumination light IL for the exposure from the light 
source. Here, as illumination light IL for exposure, excimer laser light, such as the bright lines, such as i line 
of a mercury lamp, or KrF, ArF, etc. is used. 

[0044] On the reticle stage RST, Reticle R is being fixed through a fixed means by which it does not 
illustrate, and the minute drive of this reticle stage RST is enabled by the non-illustrated drive system in X 
shaft orientations (the space rectangular cross direction in drawing 1 ), Y shaft orientations (space 
longitudinal direction in drawing 1 ), and the direction (hand of cut within XY side) of theta. Thereby, this 
reticle stage RST can position Reticle R now in the condition that the core (reticle center) of the pattern of 
Reticle R is mostly in agreement with the optical axis Ae of projection optics PL (reticle alignment). The 
condition that this reticle alignment was performed is shown by drawing 1 . 

[0045] Projection optics PL is made into Z shaft orientations to which the migration side of a reticle stage 
RST and the optical axis Ae cross at right angles, and what is a both-sides tele cent rucksack here, and has 
the predetermined contraction scale factor beta (beta is 1/5) is used. For this reason, where alignment 
(alignment) of the pattern of Reticle R and the shot field on Wafer W is performed, if Reticle R is 
illuminated by the illumination light IL with a uniform illuminance, the pattern of a pattern formation side 
will be reduced by projection optics PL for the contraction scale factor beta, it will be projected on the wafer 
W with which the photoresist was applied, and the contraction image of a pattern will be formed in each 
shot field on Wafer W. 

[0046] With this operation gestalt, moreover, in the side face by the side of the X shaft orientations 1 of 
projection optics PL (left-hand side in drawing 1 ) X fixed mirror 14X used as the criteria of X shaft- 
orientations location management at the time of exposure of the wafer stages WS1 and WS2 is fixed. 
Similarly in the side face by the side of the Y shaft orientations 1 of projection optics PL (space back side in 
drawing 1 ) Y fixed mirror 14Y used as the criteria of Y shaft-orientations location management at the time 
of exposure of the wafer stages WS1 and WS2 is being fixed (refer to drawing 3 ). 
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[0047] The non-illustrated gas hydrostatic bearing is prepared in the base of said wafer stages WS1 and 
WS2, respectively, and surfacing support of the wafer stages WS1 and WS2 is carried out by these gas 
hydrostatic bearings through the path clearance of several micron (micrometer) extent in the base 12 upper 
part, respectively between base 12 top faces. Mirror plane processing is performed to the field by the side of 
the X shaft orientations 1 of these wafer stages WS1 and WS2 (left-hand side in drawing 1 ), and the field 
by the side of the Y shaft orientations 1 (space back side in drawing 1 ), respectively, and the reflector which 
functions as a migration mirror for reflecting the length measurement beam from interferometer systems 26 
is formed in them, respectively. 

[0048] Moreover, the magnet is being fixed to the base of the wafer stages WS1 and WS2, respectively, and, 
as for the wafer stages WS1 and WS2, it moves in the XY two-dimensional direction in a base 12 top 
according to the electromagnetic force generated by the drive coil which is not illustrated [ which was 
embedded in the predetermined range in the base (specifically the predetermined field near the projection 
optics PL lower part and the predetermined field near the alignment microscope WA lower part) ]. That is, 
the so-called MUBINGU magnet type as a driving means of the wafer stages WS1 and WS2 of linear motor 
is constituted by the magnet of the wafer stage WS 1 and WS2 base, and the drive coil embedded in the base 
12. The drive current of the drive coil of this linear motor is controlled by the main control unit 28. 
[0049] On the wafer stages WS [ WS1 and ] 2, Wafer W is held by vacuum adsorption etc. through the non- 
illustrated wafer holder, respectively. Moreover, on these wafer stages WS [ WS1 and ] 2, the reference 
mark plates FM1 and FM2 with which the front face becomes the same height as the front face of Wafer W 
are being fixed, respectively. As shown in the top view of drawing 2 , the mark WM for measuring under 
the wafer alignment microscope WA later mentioned in that longitudinal direction center section is formed 
in the front face of one reference mark plate FM 1 , and the mark RM of the pair used for relative location 
measurement with Reticle R through projection optics PL at the longitudinal direction both sides of this 
mark WM is formed in it. The completely same marks WM and RM also as this are formed also on the 
reference mark plate FM 2 of another side. 

[0050] Furthermore, with this operation gestalt, the alignment microscope WA of the off-axis method as an 
alignment system which detects the mark for location detection (alignment mark) which was formed in the 
direction of about 45 degrees at predetermined distance, and was formed in the location distant 3000mm 
from projection optics PL to XY shaft at Wafer W is formed. The level difference is made to Wafer W by 
exposure to a front layer, and process processing, the mark for location detection for measuring the location 
of each shot field on a wafer (alignment mark) is also included in it, and this alignment mark is measured 
under the alignment microscope WA. 

[0051] As an alignment microscope WA, the so-called alignment microscope of the FIA (field Image 
Alignment) system of an image-processing method is used here. According to this, after the illumination 
light emitted from the light source which is not illustrated [ which emits broadband illumination light, such 
as a halogen lamp, ] passes a non-illustrated objective lens, it irradiates on Wafer W (or the reference mark 
plate FM). The reflected light from the wafer mark field which is not illustrated [ of the wafer W front face ] 
carries out the sequential transparency of an objective lens and the non-illustrated index plate, and image 
formation of the image of a wafer mark and the image of the index on an index plate is carried out on image 
pick-up sides, such as non-illustrated CCD. The photo-electric-conversion signal of these images is 
processed by the digital disposal circuit which is not illustrated in the signal -processing unit 16, the relative 
position of a wafer mark and an index is computed by the non-illustrated arithmetic circuit, and this relative 
position is told to a main control unit 28. In a main control unit 28, the location of the alignment mark on 
Wafer W is computed based on this relative position and the measurement value of interferometer systems 
26. 

[0052] moreover, in the side face by the side of the X shaft orientations 1 of the alignment microscope WA 
(left-hand side in drawing 1 ) X fixed mirror 18X used as the criteria of X shaft-orientations location 
management at the time of alignment actuation of the wafer stages WS1 and WS2 is fixed. Y fixed mirror 
18Y used as the criteria of Y shaft-orientations location management at the time of exposure actuation of the 
wafer stages WS1 and WS2 is being similarly fixed to the side face by the side of the Y shaft orientations 1 
of the alignment microscope WA (space back side in drawing 1 ). 

[0053] In addition, as an alignment microscope, it is not only a FIA system but LIA (Laser Interferometric 
Alignment). Other optical alignment systems, such as a system and a LSA (Laser Step Alignment) system, 
of course Other optical equipments, such as a phase-contrast microscope and a differential interference 
microscope, STM (Scanning Tunnel Microscope: scanning tunneling microscope) which detects the 
irregularity of the atomic level on the front face of a sample using the tunnel effect, and the force between 
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atoms (attraction and repulsive force) are used. It is also possible to use non-optical equipments, such as 
AFM (Atomic Force Microscope: atomic force microscope) which detects the irregularity of the atomic 
molecule level on the front face of a sample, etc. 

[0054] Furthermore, in the projection aligner 100 of this operation gestalt, the reticle alignment microscopes 
52 A and 52B as a mark location detection means for observing the image of reference mark RM on the 
reference mark plate FM through projection optics PL and the reticle alignment mark on Reticle R 
(illustration abbreviation) to coincidence are formed above Reticle R. The detecting signals SI and S2 of the 
reticle alignment microscopes 52 A and 52B are supplied to a main control unit 28. In this case, unitization 
of the deviation mirrors 54A and 54B for leading the detection light from Reticle R to the reticle alignment 
microscopes 52 A and 52B, respectively is carried out to each reticle alignment microscopes 52 A and 52B 
concerned in one, and the microscope units 56 A and 56B of a pair are constituted. Initiation of an exposure 
sequence evacuates these microscope units 56 A and 56B to the location which is not applied to a reticle 
pattern side with the mirror driving gear which is not illustrated by the command from a main control unit 
28. 

[0055] Next, the interferometer systems 26 of drawing 1 which manages the location of the wafer stages 
WS1 and WS2 are explained in ftill detail. 

[0056] As shown in drawing 3 , in fact these interferometer systems 26 1st laser interferometer 26Xe for X 
shaft-orientations location measurement, Although constituted including 2nd [ for Y shaft-orientations 
location measurement ] laser interferometer 26Ye, 3rd laser interferometer 26Xa for X shaft-orientations 
location measurement, and 4th laser interferometer 26Ya for Y shaft-orientations location measurement, in 
drawing 1 , these are typically illustrated as interferometer systems 26. 

[0057] While 1st laser interferometer 26Xe projects the reference beam Xe 1 of X shaft orientations which 
pass along the projection core of projection optics PL to X fixed mirror 14X The length measurement beam 
Xe 2 is projected to the reflector of a wafer stage (WS1 or WS2), and the variation rate of the wafer stage 
reflector over fixed mirror 14X is measured based on the interference condition that the reflected light of 
these two beams was made to pile up and interfere in one. 

[0058] Moreover, while 2nd laser interferometer 26Ye projects the reference beam Yel of Y shaft 
orientations which pass along the projection core of projection optics PL to Y fixed mirror 14Y The length 
measurement beam Ye2 is projected to the reflector of a wafer stage (WS1 or WS2), and the variation rate 
of the wafer stage reflector over fixed mirror 14Y is measured based on the interference condition that the 
reflected light of these two beams was made to pile up and interfere in one. 

[0059] Moreover, while 3rd laser interferometer 26Xa projects the reference beam Xal of X shaft 
orientations which pass along the detection core of the alignment microscope WA to X fixed mirror 1 8X 
The length measurement beam Xa2 is projected to the reflector of a wafer stage (WS1 or WS2), and the 
variation rate of the wafer stage reflector over fixed mirror 1 8X is measured based on the interference 
condition that the reflected light of these two beams was made to pile up and interfere in one. 
[0060] Moreover, while 4th laser interferometer 26Ya projects the reference beam Yal of Y shaft 
orientations which pass along the detection core of the alignment microscope WA to Y fixed mirror 1 8Y 
The length measurement beam Ya2 is projected to the reflector of a wafer stage (WS1 or WS2), and the 
variation rate of the wafer stage reflector over fixed mirror 1 8Y is measured based on the interference 
condition that the reflected light of these two beams was made to pile up and interfere in one. 
[0061] The length measurement shaft of 1st laser interferometer 26Xe which consists of the reference beam 
Xe 1 and the length measurement beam Xe 2 here The 1st length measurement shaft Xe The 2nd length 
measurement shaft of laser interferometer 26 Ye which consists of the reference beam Yel and the length 
measurement beam Ye2 The 2nd length measurement shaft Ye, The 3rd length measurement shaft of laser 
interferometer 26Xa which consists of the reference beam Xal and the length measurement beam Xa2 The 
3rd length measurement shaft Xa, When the 4th length measurement shaft of laser interferometer 26Ya 
which consists of the reference beam Yal and the length measurement beam Ya2 shall be called the 4th 
length measurement shaft Ya, the 1 st length measurement shaft Xe and the 2nd length measurement shaft 
Ye Focusing on projection of projection optics PL (an optical-axis Ae core and coincidence), it crosses 
perpendicularly, and the 3rd length measurement shaft Xa and the 4th length measurement shaft Ya cross 
perpendicularly focusing on detection of the alignment microscope WA. The location of a wafer stage can 
be correctly measured by each measurement shaft orientations, without influencing this of the Abbe error by 
yawing of a wafer stage etc. at the time of measurement of the mark for location detection on Wafer W 
(alignment mark), and exposure of the pattern to Wafer W top so that it may mention later. In addition, it is 
much more desirable as the above 1st thru/or the 4th laser interferometer to use the heterodyne 
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interferometer of two frequencies in order to raise the accuracy of measurement. 

[0062] The measurement value of return and interferometer systems 26 is supplied to drawing 1 at a main 
control unit 28, and in a main control unit 28, position control of the wafer stages WS1 and WS2 is carried 
out through the linear motor mentioned above, carrying out the monitor of the measurement value of these 
interferometer systems 26. 

[0063] While exposure of the reticle pattern which minded projection optics PL to the wafer W on the wafer 
stages [ WS / WS and / 2 ] 1 is performed in the case of the operation gestalt of**** 1 so that clearly also 
from drawing 3 The location of a wafer stage is managed by the 1 st, 2nd laser interferometer 26Xe, and 
26Ye. While measurement of the mark for location detection on Wafer W (alignment mark) is performed by 
the alignment microscope WA, the location of a wafer stage is managed by 3rd and 4th laser interferometer 
26Xa and 26Ya. However, since each length measurement shaft stops hitting the reflector of each wafer 
stage after exposure is completed, or after measurement of an alignment mark is completed, location 
management of the wafer stage by interferometer systems 26 becomes difficult. 

[0064] for this reason, in the projection aligner 100 of this operation gestalt The 3rd location shown by the 
imaginary line in drawing 3 in the wafer stage WS 1, and the 2nd location shown as a continuous line in 
drawing 3 , The 1st robot arm 20 as a migration means to which it is made to move free among 3 points with 
the 1st location in which the wafer stage WS 2 is located in drawing 3 , The 2nd robot arm 22 as a migration 
means to which the wafer stage WS 2 is similarly moved free among 3 points of the 1st location of the 
above, the 2nd location, and the 3rd location is formed. These [ 1st ] and the 2nd robot arm 20 and 22 are 
also controlled by the main control unit 28, and the position control precision of the wafer stage of these 
[ 1 st ] and the 2nd robot arm 20 and 22 has become about ** 1 micrometer in general. In order to realize the 
above-mentioned position control precision certainly, it combines a vertical-movement pin as shown with 
Signs 24A and 24B in drawing 3 as a stopper, and you may make it prepare it, although detailed explanation 
is omitted since the owner articulated robot arm of a well-known configuration is used as these robot arms 
20 and 22. 

[0065] When the 3rd location, the 2nd location, and the 1st location are explained briefly, here with the 3rd 
location The wafer exchange location in which delivery of Wafer W is performed between the conveyance 
arms 50 and wafer stages (WS1, WS2) which constitute a part of external substrate conveyance device is 
meant. The 2nd location After loading of Wafer W is completed, the location of arbitration where it is the 
location where alignment is performed to the wafer W on a wafer stage, and both the 3rd length 
measurement shaft Xa and the 4th length measurement shaft Ya hit the reflector of a wafer stage is meant. 
The 1st location means the location of arbitration where it is the location where exposure is performed to the 
wafer W on a wafer stage, and both the 1st length measurement shaft Xe and the 2nd length measurement 
shaft Ye hit the reflector of a wafer stage, after the alignment of a wafer is completed. 
[0066] As mentioned above, with this operation gestalt, the location shown in drawing 3 shall be defined as 
the 1st location, the 2nd location, and the 3rd location, respectively, but the 2nd location is good also 
considering the location where what kind of location may be defined, for example, the mark WM on the 
reference mark plate FM becomes in the detection field of the alignment microscope WA as the 2nd 
location, if the above-mentioned definition satisfies. Similarly, the 1st location is also good also considering 
the location where what kind of location may be defined, for example, the mark RM on the reference mark 
plate FM becomes in the projection field of projection optics PL as the 1st location, if the above-mentioned 
definition is satisfied. 

[0067] Next, the flow of overall actuation of the projection aligner 100 of this operation gestalt constituted 
as mentioned above is explained. 

[0068] ** As a premise, the wafer stage WS 1 shall be located in the 3rd location, and the wafer stage WS 2 
shall be located in the 1st location. 

[0069] First, wafer exchange is performed between the wafer stage WS 1 and the conveyance arm 50. 
detailed, since this wafer exchange is performed by the pin center,large rise on the wafer stage WS 1 (wafer 
rise device), and the conveyance arm 50 as usual here — it explains ~ although it ******, since the 
positioning accuracy of a robot arm is **1 or less urn in general as stated previously, also let positioning 
accuracy of the conveyance arm 50 be a thing almost comparable as this. In advance of this wafer exchange, 
outline positioning is made in X, Y, and the direction of theta by non-illustrated PURIARAIMENTO 
equipment, and, as for Wafer W, the load location to a wafer stage top does not shift greatly, for example, 
the load location of the wafer W to the reference mark plate FM 1 has also become in the error range of **1 
or less above urn. 

[0070] During this wafer exchange, although the location is not managed with a laser interferometer, since 
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the 1st robot arm 20 has caught the wafer stage WS 1, the wafer stage WS 1 does not produce un-arranging 
[ of going to the place where the wafer stage WS 1 is selfish ]. In addition, while being caught by the 1st 
robot arm 20, the linear motor which drives the wafer stage WS 1 shall have stopped (it is the same as 
below). 

[0071] After wafer exchange (loading of the wafer W to the wafer stage WS 1 top) is completed, in a main 
control unit 28, the 1st robot arm 20 is controlled, the wafer stage WS 1 is moved to the 2nd location shown 
as a continuous line in drawing 3 , and 3rd and 4th laser interferometer 26Xa and 26Ya are reset to 
coincidence in this location, since the 1st robot arm 20 finishes a duty here after this reset is completed » 
this — the 1st robot arm 20 shunts in the location which leaves the wafer stage WS 1 by the non-illustrated 
drive system according to the directions from a main control unit 28, and does not become obstructive. 
[0072] With a main control unit 28, position control is carried out through the linear motor which mentioned 
the wafer stage WS 1 above so that the mark WM on the reference mark plate FM 1 on the wafer stage WS 
1 might be positioned in the detection field of the alignment microscope WA after above 3rd and 4th laser 
interferometer 26Xa and reset termination of 26Ya, carrying out the monitor of the measurement value of 
interferometer 26Xa and 26Ya. The positioning accuracy to the 2nd location by the 1st robot arm 20 here 
Since **1 or less urn is possible in general and the interferometer length measurement shaft is reset like the 
above-mentioned in this 2nd location Based on a design value (relative-position relation on a design with the 
reflector of the wafer stage WS 1 , and the mark WM on a reference mark plate), position control is possible 
at the resolving power of about 0.01 micrometers after that. As a result, the wafer stage WS 1 is positioned 
in precision sufficient for the mark WM measurement under the alignment microscope WA. In addition, 
when the mark WM on the reference mark plate FM 1 on the wafer stage WS 1 sets the 2nd location as the 
location positioned in the detection field of the alignment microscope WA, since migration of the wafer 
stage WS 1 after the above-mentioned interferometer reset is unnecessary, it is much more desirable in 
respect of a throughput. 

[0073] Next, under the alignment microscope WA, the location (deltaWX and deltaWY) of the mark WM 
on the reference mark plate FM 1 on the basis of the detection core (index core) of this alignment 
microscope WA is measured, and the average (X0 and Y0) of 3rd [ under this measurement ] and 4th laser 
interferometer 26Xa and the measurement value of 26 Ya is calculated in a main control unit 28. When the 
measurement value of laser interferometer 26Xa and 26Ya shows (XO-deltaWX and YO-deltaWY) by this, it 
turns out that the mark WM on the reference mark plate FM 1 is just under the detection core (index core) of 
the alignment microscope WA. A series of actuation after above 3rd and 4th laser interferometer 26Xa and 
reset of 26Ya shall be called W-SET to below. 

[0074] Thus, while wafer exchange, interferometer reset, and a series of actuation of W-SET are performed 
on one wafer stage WS 1 , the following actuation is performed on the wafer stage WS 2 of another side. 
[0075] That is, the wafer stage WS 2 is moved to the 1st location by the 2nd robot arm 22 like the above- 
mentioned, and point-to-point control to this 1st location is also performed in the precision of **1 or less 
um. In a main control unit 28, the 1st, 2nd laser interferometer 26Xe, and 26Ye are reset at the same time 
migration of the wafer stage WS 2 in this 1 st location is completed. 

[0076] since the 2nd robot arm 22 finishes a duty here after reset of this 1st [ the ], 2nd laser interferometer 
26Xe, and 26Ye is completed — this — the 2nd robot arm shunts in the location which leaves the wafer stage 
WS 2 by the non-illustrated drive system according to the directions from a main control unit 28, and does 
not become obstructive. 

[0077] Next, the location of the wafer stage WS 2 is controlled by the main control unit 28 through a linear 
motor to be positioned in the location where the mark RM on the reference mark plate FM 2 laps with the 
reticle alignment mark (illustration abbreviation) currently formed in Reticle R through projection optics in 
the projection field of projection optics PL, carrying out the monitor of the measurement value of laser 
interferometer 26Xe and 26Ye. In this case, the positioning accuracy to the 1st location by the 2nd robot arm 
22 Since **1 or less um is possible in general and the interferometer length measurement shaft is reset like 
the above-mentioned in this 1st location Based on a design value (relative-position relation on a design with 
the reflector of the wafer stage WS 2, and the mark RM on the reference mark plate FM 2), position control 
is possible at the resolving power of about 0.01 micrometers after that. As a result, the wafer stage WS 2 is 
positioned under the reticle alignment microscopes 52A and 52B in sufficient precision required to observe 
a reticle alignment mark and the mark RM on the reference mark plate FM to coincidence. 
[0078] Under the reticle alignment microscopes 52A and 52B, next, relative spacing of the reticle alignment 
mark on Reticle R, and the mark RM on the reference mark plate FM 2 (delta RX, delta RY), Namely, the 
location gap (deltaRX and deltaRY) with the reference mark RM core which is an origin/datum on the wafer 
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stage WS 2 to the projection core of the pattern image of the reticle R as a predetermined origin/datum in the 
projection field of projection optics PL is measured. In a main control unit 28, the measurement value (XI 
and Yl) of laser interferometer 26Xe at that time and 26 Ye is read at the same time it incorporates the 
measurement value of these reticle alignment microscopes 52A and 52B. Thereby, it turns out that the 
location where the measurement value of laser interferometer 26Xe and 26Ye serves as (Xl-deltaRX, Yl- 
deltaRY) is a location with which a reticle alignment mark and the mark RM on the reference mark plate 
FM 2 lap through projection optics PL exactly. A series of actuation after reset of the above 1st, 2nd laser 
interferometer 26Xe, and 26Ye shall be called R-SET to below. 

[0079] ** Next, wafer alignment by the side of the wafer stage WS 1 and exposure by the side of the wafer 
stage WS 2 are performed in parallel. 

[0080] Namely, after 3rd [ which was mentioned above ] and 4th laser interferometer 26Xa and reset of 
26Ya The location of the wafer stage WS 1 is managed based on the measurement value of laser 
interferometer 26Xa and 26Ya. Measurement of the mark (alignment mark) location for location detection 
of the specific sample shot beforehand defined among two or more shot fields on Wafer W in the main 
control unit 28 Sequential migration of the wafer stage WS 1 is carried out through a linear motor, carrying 
out the monitor of the measurement value of interferometer 26Ya and 26Xa, and it carries out on system of 
coordinates (Xa, Ya) based on the output of the alignment microscope WA. In this case, since the 
measurement value (X0-deltaX and YO-deltaY) of an interferometer in case the mark WM on the reference 
mark plate FM 1 comes just under the detection core of the alignment microscope WA can be found, In 
order to position each alignment mark on Wafer W in the detection field of the wafer alignment microscope 
WA based on this value and the design value of the relative position of a reference mark WA and each 
alignment mark, laser interferometer 26Ya, It is called for by the operation whether the measurement value 
of 26Xa(s) should just move the wafer stage WS 1 to the location which shows which value, and sequential 
migration of the wafer stage WS 1 is carried out based on this result of an operation. 
[0081] Although it is sufficient for the alignment of X, Y, and theta of Wafer W if two X measurement 
marks and one Y measurement mark (or one X measurement mark and two Y measurement marks) are 
measured also at the lowest, measurement of three or more X measurement marks which are not on a 
straight line, and three or more Y measurement marks which are not on a straight line shall be performed as 
an EGA sample shot here. 

[0082] And the statistics operation by least square method which is indicated by JP,6 1-44429, A etc. is 
performed using the alignment mark (wafer mark) location of each of this measured sample shot, and the 
array data of the shot field on a design, and it asks for all the array data of the above-mentioned two or more 
shot field on Wafer W. However, as for a count result, it is desirable to take the value (XO-deltaX and YO- 
deltaY) and difference of an interferometer when the mark WM on the reference mark plate FM 1 for which 
it asked previously comes directly under the detection core of the alignment microscope WA, and to change 
into the data on the basis of the reference mark WA on the reference mark plate FM 1 . Thereby, the relative 
physical relationship of the mark WM on the reference mark plate FM 1 and the reference point of each shot 
field on Wafer W makes it the need, and is fully known. 

[0083] Thus, in parallel to fine alignment (EGA) being performed by the wafer stage WS 1 side, 
superposition exposure with the pattern image of Reticle R and the established pattern of the shot field on 
Wafer W is performed as follows by the wafer stage WS 2 side. 

[0084] Namely, the measurement result of the location gap error above-mentioned in a main control unit 28 
and the coordinate location of the wafer stage WS 2 at that time (Xe, Ye), It is based on the array coordinate 
data of each shot on the basis of the reference mark WA on the reference mark plate FM 2 currently 
beforehand computed like the above by alignment actuation. Sequential exposure of the reticle pattern is 
carried out on Wafer W by the step-and-repeat method, carrying out closing motion control of the shutter in 
an illumination-light study system positioning each shot field on Wafer W in an exposure location carrying 
out the monitor of the measurement value of interferometer 26Ye and 26Xe. The exposure to the wafer W 
on the wafer stage WS 2 is preceded here. In spite of having reset interferometer 26Xe and 26Ye (the length 
measurement shaft of an interferometer having once run out) When the reason in which highly precise 
superposition is possible is explained in full detail, spacing of the mark WM on the reference mark plate FM 
2 and Mark RM is known. The relative physical relationship of the mark WM on the reference mark plate 
FM 2 and the reference point of each shot field on Wafer W is computed like the above-mentioned by the 
fine alignment (EGA) performed in advance of this. [ where / on Reticle R / the reticle alignment mark on 
Reticle R exists, and ] Since (namely, relative-position relation with the mark RM which are the projection 
core (it is mostly in agreement with the projection core of projection optics PL) of the pattern image of the 
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reticle which is a predetermined origin/datum in the projection field of projection optics PL, and an 
origin/datum on the wafer stage WS 2) is measured, it is based on these measurement results. It is because it 
is clear whether wafer W top each shot field laps with the pattern image of Reticle R exactly if the 
measurement value of the 1st, 2nd laser interferometer 26Xe, and 26Ye turns into which value. 
[0085] ** After fine alignment (EGA) is completed by the wafer stage WS 1 side as mentioned above and 
the exposure of a reticle pattern to all the shot fields on Wafer W is completed by the wafer stage WS 2 side, 
move the wafer stage WS 1 to the 1st location of the lower part of projection optics PL, and move the wafer 
stage WS 2 to the 3rd location which is a wafer exchange location. 

[0086] That is, the wafer stage WS 1 is caught by the 1st robot arm 20 according to the directions from a 
main control unit 28, and is moved to the 1st location. Point-to-point control to this 1st location is also 
performed in the precision of **1 or less um. In a main control unit 28, the 1st, 2nd laser interferometer 
26Xe, and 26Ye are reset at the same time migration of the wafer stage WS 1 in this 1st location is 
completed. 

[0087] since the 1 st robot arm 20 finishes a duty here after this reset is completed — this — the 1 st robot arm 
20 shunts in the location which leaves the wafer stage WS 1 by the non-illustrated drive system according to 
the directions from a main control unit 28, and does not become obstructive. 

[0088] Next, in a main control unit 28, R-SET is performed like the wafer stage WS 2 side described 
previously. By this Relative spacing of a reticle alignment mark and the mark RM on the reference mark 
plate FM 1 (deltaRX and deltaRY), namely, as a predetermined reference point in the projection field of 
projection optics PL The stage coordinate location (XI and Yl) at the time of the location gap (deltaRX and 
deltaRY) with the reference mark RM core which is a reference point on the wafer stage WS 2 to the 
projection core of the pattern image of the ** reticle R, and this location gap measurement is measured. 
[0089] While interferometer reset and R-SET are performed as mentioned above by the wafer stage WS 1 
side According to the directions from a main control unit 28, the 2nd robot arm 22 catches the wafer stage 
WS 2 which exposure actuation ended. The wafer stage WS 2 is moved to a wafer delivery location (the 3rd 
location) for wafer exchange, and wafer exchange, interferometer reset, and W-SET are performed like the 
wafer stage WS 1 side mentioned above after that. 

[0090] ** Subsequently, like the above-mentioned, in parallel to sequential exposure of the reticle pattern 
being carried out on Wafer W by the step-and-repeat method by the wafer stage WS 1 side, control actuation 
of both stages by the main control unit 28 so that fine alignment (EGA) is performed by the wafer stage WS 
2 side. 

[0091] ** Actuation of the actuation [ of both the stages WS1 and WS2 ], 1st, and 2nd robot arm is 
controlled by the main control unit 28 so that actuation of** explained until now - ** is repeated 
successively after that. 

[0092] The flow of carrying-out on both [ which was explained above ] stages WS [ WS1 and ] 2 parallel 
operation is shown in drawing 4 . 

[0093] Since exposure actuation by the side of one stage of the wafer stage WS 1 and the wafer stages WS 2 
and fine alignment actuation by the side of the stage of another side can be performed in parallel according 
to the projection aligner 100 concerning the operation gestalt of 1^*** 1 as explained above, compared with 
wafer exchange (search alignment is included), fine alignment, and the conventional technique in which 
exposure was performed sequentially, the large improvement in a throughput is expectable. Usually, in an 
exposure processing sequence, it is because the rate of the time amount which fine alignment actuation and 
exposure actuation take is large. 

[0094] Since it is premised on the length measurement shaft of interferometer systems 26 going out 
according to the above-mentioned operation gestalt, moreover, the die length of the reflector (when using a 
migration mirror, it is this migration mirror) of each wafer stage It comes out enough with extent slightly 
longer than a wafer diameter, and from a certain thing, compared with the conventional technique on 
condition of a length measurement shaft not going out, small and lightweight-izing of a wafer stage are 
possible, and, thereby, improvement in stage controllability ability is expected. 

[0095] Furthermore, since the mark location on the reference mark plate FM on a stage is measured in each 
exposure forward before alignment with the above-mentioned operation gestalt on the assumption that the 
length measurement shaft of interferometer systems goes out However long the projection core of projection 
optics PL and the pitch (the amount of base lines) based on [ of the alignment microscope WA ] detection 
may become, especially un-arranging does not have it, and it somewhat fully detaches spacing of projection 
optics PL and the alignment microscope WA. Wafer alignment and exposure can be performed in parallel in 
time, without the wafer stage WS 1 and the wafer stage WS 2 producing interference etc. 
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[0096] Moreover, with the above-mentioned operation gestalt, since interferometer systems 26 are equipped 
with the 1st length measurement shaft Xe which crosses perpendicularly focusing on projection of 
projection optics PL, the 2nd length measurement shaft Ye, and the 3rd length measurement shaft Xa and 
the 4th length measurement shaft Ya which crosses perpendicularly focusing on detection of the alignment 
microscope WA, the two-dimensional location of a wafer stage is correctly manageable at the time of any at 
the time of alignment actuation and exposure. 

[0097] In addition, since the fixed mirrors 14X, 14Y, 18X, and 18Y for interferometers were fixed to the 
side face of projection optics PL, and the side face of the alignment microscope WA, as long as there is no 
fluctuation of a fixed mirror location during alignment measurement and exposure, even if it changes a fixed 
mirror location by a change with time, vibration of equipment, etc., un-arranging [ of the position control 
precision of a wafer stage falling by this fluctuation ] will not arise. Even if it follows, for example, makes 
the alignment microscope WA the configuration which can move up and down, it does not produce any un- 
arranging, either. 

[0098] In addition, although the operation gestalt of the above 1st explained the case where the wafer stage 
WS 1 and the wafer stage WS 2 were moved among 3 points of the 1 st location, the 2nd location, and the 
3rd location, by the 1st and 2nd robot arm 20 and 22 When this invention does not make it limit to this and 
is [ for example, ] made to perform wafer exchange in the 2nd location, you may make it move the wafer 
stage WS 1 and the wafer stage WS 2 between the 1st location and the 2nd location by the 1st and 2nd robot 
arm 20 and 22. In this case, after controlling actuation of both stages by the main control unit 28 so that 
exposure actuation of the wafer W on one stage of the wafer stage WS 1 and the wafer stages WS 2 and 
alignment actuation of the wafer W on the stage of another side are performed in parallel, the location of 
both stages will be replaced by the 1st and 2nd robot arm 20 and 22. 

[0099] Moreover, although the operation gestalt of the above 1st explained the case where exposure of a 
step-and-repeat method was performed to the wafer W on a stage based on EGA measurement, projection 
exposure of the pattern image of a reticle may be carried out one by one to each shot field on Wafer W, 
repeating alignment and exposure not only with this but with a die Bayh die. Since the relative position of 
each alignment mark to the mark WM formed in the reference mark plate FM on a stage at the time of 
alignment is measured even if it is this case, based on this relative position, a reticle pattern image can be 
laid on top of each shot field like the above. As for this die Bayh die method, it is desirable to adopt, when 
there are few shot fields on Wafer W. It is more desirable to be based on EGA considered and mentioned 
above from a viewpoint which prevents the fall of a throughput, when there are many shot fields. 
[0100] With the operation gestalt of the above 1st, the 1st robot arm 20 one stage WS 1 Moreover, the 1st 
location, Although the case where made it move among 3 points of the 2nd location and the 3rd location, 
and the 2nd robot arm 22 moved the stage WS 2 of another side among 3 points of the 1 st location, the 2nd 
location, and the 3rd location was explained As this invention is not limited to this, for example, one robot 
arm 20 carries a stage WS 1 (or WS2) from the 1st location to the 3rd location, the 1st location, When it 
carries and releases to the location which is other than the 2nd location and the 3rd location and the robot 
arm 22 of another side adopts the method of moving this stage WS 1 (or WS2) from this location to the 3rd 
location It is also possible to make one robot arm 20 only into for [ of the 2nd location of both stages and the 
1st location ] conveyances, and to make the robot arm 2 of another side only into for [ of the 3rd location of 
both stages and the 2nd location ] conveyances. 

[0101] Moreover, you may make it measure X of a wafer stage, and not only the advancing-side-by-side 
location of Y but yawing and pitching, using the interferometer of a multiple spindle as each laser 
interferometer which constitutes interferometer systems 26. 

[0102] « - 2nd operation gestalt» — next, the 2nd operation gestalt of this invention is explained based 
on drawing 5 . Here, about a component the same as that of the 1st operation gestalt mentioned above, or 
equivalent, while using the same sign, the explanation shall be omitted. 

[0103] It has the description at the point that this 2nd operation gestalt is constituted disengageable by two 
parts with substrate attachment component WSlb of the same configuration with the wafer stage WS 1 
removable on stage body WSla and this stage body WSla, and the wafer stage WS 2 is constituted 
disengageable similarly at two parts of stage body WS2a and substrate attachment component WS2b of the 
same configuration removable on this stage body WS2a. 

[0104] While adsorption maintenance of the wafer W is carried out through the non-illustrated wafer holder 
at substrate attachment component WSlb and WS2b, the reflector which functions as a migration mirror for 
interferometers is formed in the side face, respectively. Moreover, the reference mark plates FM1 and FM2 
are formed in the top face at such substrate attachment component WSlb and WS2b, respectively. 
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[0105] Although parallel processing is performed on the wafer stages WS [ WS1 and ] 2 almost like the 1st 
gestalt mentioned above with the operation gestalt of **** 2 When alignment actuation is completed by one 
stage side and exposure actuation is completed by the stage side of another side The 1st and 2nd robot arm 
20 and 22 is controlled by the main control unit 28. Are concurrent with being conveyed on stage body 
WS2a which substrate attachment component WSlb by the side of the stage which alignment actuation 
ended (or WS2b) has stopped in the 1st location (migration). Substrate attachment component WS2b by the 
side of the stage which exposure ended (or WSlb) is conveyed on stage body WSla stopped in the 2nd 
location, it does in this way, and exchange of substrate attachment component WSlb and WS2b is 
performed. Since location management of the wafer stages WS1 and WS2 becomes impossible in order that 
the length measurement shaft of interferometer systems 26 may go out in case it is exchanged in substrate 
attachment component WSlb and WS2b, the stage stoppers 30a and 30b come out, and both stage body 
WSla and WS2a are held in the location in the meantime. In this case, wafer exchange is performed by the 
non-illustrated conveyance arm in the 2nd location. 

[0106] Here so that it may be easily imagined from drawing 5 with the operation gestalt of **** 2 As the 
2nd location, the location where the mark WM on the reference mark plate FM becomes in the detection 
field of the alignment microscope WA as the 1st location The location where the mark RM on the reference 
mark plate FM becomes in the projection field of projection optics PL is defined, respectively. Therefore, 
the reset and R-SET, or W-SET of a length measurement shaft of interferometer systems 26 will be 
performed by the main control unit 28 with migration of a up to [ the stage body of substrate attachment 
component WS lb and WS2b ]. 

[0107] Also according to this 2nd operation gestalt, effectiveness equivalent to the 1st operation gestalt 
mentioned above can be acquired. 

[0108] In addition, although the operation gestalt of the above 2nd explained the case where the 1st and 2nd 
robot arm 20 and 22 moved a substrate attachment component between the 1 st location and the 2nd location 
You may make it the 1 st and 2nd robot arm 20 and 22 move a substrate attachment component among 3 
points of the 1st location, the 2nd location, and the 3rd location like the 1st operation gestalt mentioned 
above. In this case, since wafer exchange can be performed in a place unrelated to projection optics PL and 
the alignment microscope WA, even if it is the case that the working distance of an alignment microscope 
WA lower part is narrow, there is no un-arranging — the alignment microscope WA becomes the failure of 
wafer exchange — for example. 

[0109] In addition, although the above 1st and the 2nd operation gestalt explained the case where a robot 
arm and a so-called stage stopper were used, as a cure at the time of the length measurement shaft of 
interferometer systems 26 once going out The 2-dimensional grating is minced for example, not only on this 
but on the wafer stage inferior surface of tongue. A location may be read in under a stage run side with an 
optical encoder. As long as it can hold stopping a means by which a stage can be correctly moved to the 
location of a degree after the interferometer length measurement shaft has once gone out, or a stage body, by 
the position, what kind of means may be used. 

[01 10] Moreover, although the above 1st and the 2nd operation gestalt explained the case where two wafer 
stages where it moves independently were prepared, three or more wafer stages where it moves 
independently may be prepared. When three wafer stages are prepared, for example, exposure actuation, 
alignment actuation, and wafer display flatness measurement actuation can be performed in parallel. 
Moreover, two or more projection optics PL and alignment microscopes WA may be formed. When there is 
two or more projection optics, exposure actuation of two kinds of different patterns from alignment 
actuation can be performed in concurrency, and it is suitable for the so-called double exposure etc. 
[0111] Furthermore, although the case where this invention was applied to the projection aligner of a step- 
and-repeat method was illustrated with the above-mentioned operation gestalt, the applicability of this 
invention is not limited to this, and, of course in addition to this, this invention can apply the projection 
aligner of so-called step - and - scanning method to other aligners, such as for example, electron beam direct 
writing equipment. 
[0112] 

[Effect of the Invention] As explained above, while being able to raise a throughput according to invention 
according to claim 1, the outstanding exposure approach which is not in the former that the magnitude of a 
substrate stage can be defined regardless of the amount of base lines is offered. 

[0113] Moreover, according to invention given in claim 2 thru/or 1 1, it is effective in the ability to raise a 
throughput by carrying out parallel processing of the exposure actuation on one substrate stage, and the 
alignment actuation on the stage of another side. 
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[Procedure revision] 

[Filing Date] January 19, Heisei 17 (2005. 1.19) 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[The contents of amendment] 

[Claim(s)] 

[Claim 1] 

It is the exposure approach which exposes the image of the pattern formed in the mask on an induction 
substrate through projection optics, 

An induction substrate is held and two independently movable substrate stages are respectively prepared for 
the inside of the same flat surface, 

The pattern image of said mask is exposed through said projection optics on the induction substrate held on 
one substrate stage of said two substrate stages, 

During exposure of the induction substrate held on one [ said ] substrate stage, the physical relationship of 
the alignment mark on the induction substrate held on the substrate stage of another side of said two 
substrate stages and the reference point on the stage of said another side is measured, 
Where the reference point on the substrate stage of said another side is positioned in the projection field of 
said projection optics after exposure termination of the induction substrate held on one [ said ] substrate 
stage, the coordinate location of a location gap of the reference point on the substrate stage of said another 
side to the predetermined reference point in the projection field and the substrate stage of said another side is 
detected, 

The exposure approach characterized by performing alignment of the induction substrate which controlled 
migration of the substrate stage of said another side based on said detected physical relationship, said 
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detected location gap, and said detected coordinate location, and was held on the stage of said another side, 
and the pattern image of said mask. 
[Claim 2] 

It is the aligner which exposes a pattern on an induction substrate through projection optics, 

An induction substrate is held and it is the movable 1 st substrate stage about the inside of a two-dimensional 

flat surface.; 

Holding an induction substrate, said 1st substrate stage is the independently movable 2nd substrate stage 
about the inside of the same flat surface as said 1st substrate stage.; 

Alignment system for detecting the mark on the induction substrate which was formed apart from said 
projection optics and held on said substrate stage or on this stage; 

Interferometer systems for measuring the two-dimensional location of said 1st substrate stage and the 2nd 
substrate stage, respectively; 

Migration means to which each of said two substrate stages is moved between the 2nd predetermined 
location in the stage successive range at the time of the alignment to which mark detection on the induction 
substrate held by the 1st predetermined location and said predetermined alignment system in the stage 
successive range at the time of the exposure to which exposure is performed through said projection optics 
to the induction substrate held on this stage on a stage or on this stage is carried out; 
While the induction substrate held on one stage of said 1 st substrate stage and the 2nd substrate stages is 
exposed So that mark detection actuation by said alignment system may be performed on the stage of 
another side of said 1st substrate stage and the 2nd substrate stages The aligner which has the control means 
which controls said migration means and replaces the location of one [ said ] substrate stage and the 
substrate stage of another side after controlling actuation of said two stages, carrying out the monitor of the 
measurement value of said interferometer systems. 
[Claim 3] 

Said interferometer systems are equipped with the 1st length measurement shaft and the 2nd length 
measurement shaft which cross at right angles to mutual focusing on projection of said projection optics, 
and the 3rd length measurement shaft and the 4th length measurement shaft which cross at right angles to 
mutual focusing on detection of said alignment system, 

Said control means is an aligner according to claim 1 characterized by resetting the length measurement 
shaft of said interferometer systems in case the location of the stage of said one side and another side is 
replaced. 
[Claim 4] 

It is the aligner which exposes a pattern on an induction substrate through projection optics, 

An induction substrate is held and it is the movable 1st substrate stage about the inside of a two-dimensional 

flat surface.; 

Holding an induction substrate, said 1st substrate stage is the independently movable 2nd substrate stage 
about the inside of the same flat surface as said 1st substrate stage.; 

Alignment system for detecting the mark on the induction substrate which was formed apart from said 
projection optics and held on said substrate stage or on this stage; 

Interferometer systems for measuring the two-dimensional location of said 1st substrate stage and the 2nd 
substrate stage, respectively; 

The 1st predetermined location in the stage successive range at the time of the exposure to which exposure 
is performed through said projection optics in each of said two substrate stages to the induction substrate 
held on the stage, The 2nd predetermined location in the stage successive range at the time of the alignment 
to which mark detection on the induction substrate held by said alignment system on a stage or on this stage 
is carried out, Migration means to which delivery of an induction substrate is carried out between a substrate 
stage and an external substrate conveyance device, and it is made to move among 3 points of the 3rd 
location of****; 

The location of one stage of said 1st substrate stage and the 2nd substrate stages is managed by said 
interferometer systems. While a pattern is exposed through said projection optics by the induction substrate 
held on one [ this ] stage Said 1st substrate stage And the alignment actuation which measures the physical 
relationship of exchange of an induction substrate and the alignment mark on said induction substrate, and 
the reference point on the stage of said another side based on the detection result of said alignment system 
and the measurement value of said interferometer systems on the stage of another side of the 2nd substrate 
stages While controlling said two substrate stages and said migration means to be carried out one by one 
The aligner which has the control means which controls said two stages and said migration means so that the 
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actuation performed on said two stages may interchange, after both actuation of said two stages is 

completed. 

[Claim 5] 

It has further the mask with which the pattern was formed, 

The aligner according to claim 4 with which the image of the pattern formed in said mask is characterized 
by carrying out projection exposure at the induction substrate on said 1st substrate stage and the 2nd 
substrate stage through projection optics. 
[Claim 6] 

Said interferometer systems are equipped with the 1st length measurement shaft and the 2nd length 
measurement shaft which cross at right angles to mutual focusing on projection of said projection optics, 
and the 3rd length measurement shaft and the 4th length measurement shaft which cross at right angles to 
mutual focusing on detection of said alignment system, 

Said control means is an aligner according to claim 5 characterized by resetting the 1st and 2nd length 
measurement shaft of said interferometer systems in the case of migration in said 1 st location, and resetting 
the 3rd and 4th length measurement shaft of said interferometer systems about each of said two stages in the 
case of migration in said 2nd location. 
[Claim 7] 

The aligner according to claim 6 characterized by having further a mark location detection means to detect 
the relative-position relation between the projection core of the pattern image of said mask, and the 
reference point on said stage through said mask and said projection optics. 
[Claim 8] 

It has the substrate attachment component which said each substrate stage is carried free [ attachment and 
detachment ] on a stage body and this body, and holds a substrate, and the reflector for interferometers is 
established in the side face of this substrate attachment component, and a reference mark is formed in the 
top face of said substrate attachment component as said reference point, 

An aligner given in claim 2 to which said migration means is characterized by moving said substrate 
attachment component between said every place points instead of said substrate stage thru/or any 1 term of 
7. 

[Claim 9] 

Said migration means is an aligner given in claim 2 characterized by being constituted by the robot arm 
thru/or any 1 term of 8. 
[Claim 10] 

An aligner given in claim 2 characterized by attaching in said projection optics and said alignment system 
the fixed mirror which serves as criteria of length measurement by the interferometer, respectively thru/or 
any 1 term of 9. 
[Claim 11] 

It is an aligner given in claim 2 characterized by holding the induction substrate other than said 1st substrate 
stage and the 2nd substrate stage, and these stages having further at least one another, independently 
movable substrate stage for the inside of said two same flat surfaces as a substrate stage thru/or any 1 term 
of 10. 
[Claim 12] 

It is the aligner which exposes an induction substrate, 

The 1st substrate attachment component which has a reflector for interferometers; 

The 2nd substrate attachment component which has a reflector for interferometers; 

The 1st stage section possible [ in a substrate attachment component ] desorption and movable in the 

direction of two dimension where one substrate attachment component is held; 

Where desorption is possible in a substrate attachment component and the substrate attachment component 
of another side is held, said 1 st stage section is the 2nd stage section movable in the direction of two 
dimension independently.; 

The 1st interferometer systems which said 1st stage section was equipped with while, and measure the 
location of a substrate attachment component using the reflector of the substrate attachment component with 
which said 1st stage section was equipped; 

It has the 2nd interferometer systems and; which measure the location of the substrate attachment 
component with which said 2nd stage section was equipped using the reflector of the substrate attachment 
component of another side with which said 2nd stage section was equipped, 

Where said 1st stage section is equipped with one [ said ] substrate attachment component and said 2nd 
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stage section is equipped with the substrate attachment component of said another side in parallel to 
exposure of the induction substrate held at one [ said ] substrate attachment component, alignment 
measurement actuation of the induction substrate held at the substrate attachment component of said another 
side is performed, 

Said exposure in the condition of having equipped said 1st stage section with one [ said ] substrate 
attachment component, And after said alignment measurement actuation in the condition of having equipped 
said 2nd stage section with the substrate attachment component of said another side is completed, said 1st 
stage section is equipped with the substrate attachment component of said another side with which said 2nd 
stage section was equipped. The aligner with which exposure of the induction substrate held at the substrate 
attachment component of said another side is performed. 
[Claim 13] 

The aligner according to claim 12 with which said 2nd stage section is equipped with one [ with which said 
1st stage section was equipped / said ] substrate attachment component while said 1st stage section is 
equipped with the substrate attachment component of said another side with which said 2nd stage section 
was equipped. 
[Claim 14] 

The aligner according to claim 12 or 13 exchanged between said 1st stage sections and said 2nd stage 
sections in said 1st substrate attachment component and said 2nd substrate attachment component. 
[Claim 15] 

An aligner given in any 1 term of claims 12-14 further equipped with the 1st transport device which moves 
the substrate attachment component of said another side with which said 2nd stage section was equipped to 
said 1st stage section. 
[Claim 16] 

The aligner according to claim 1 5 further equipped with the 2nd transport device which moves one [ with 
which said 1st stage section was equipped / said ] substrate attachment component to said 2nd stage section. 
[Claim 17] 

said 1st stage section — any of said 1st and 2nd substrate attachment component — although ~ the 1st 

stopper and; which hold said 1st stage section in a predetermined location when not equipped 

said 2nd stage section — any of said 1 st and 2nd substrate attachment component - although — an aligner 

given in any 1 term of claims 12-16 further equipped with the 2nd stopper which holds said 2nd stage 

section in a predetermined location, and; when not equipped. 

[Claim 18] 

It has further the projection optics which projects the pattern image of a mask on an induction substrate, 
The 1st physical relationship of the shot field on the induction substrate held at the substrate attachment 
component of said another side and the criteria of the substrate attachment component of said another side is 
determined by alignment measurement actuation in the condition of having equipped said 2nd stage section 
with the substrate attachment component of said another side, 

After equipping said 1st stage section with the substrate attachment component of said another side, the 2nd 
physical relationship of the criteria of the substrate attachment component of said another side and the mark 
of said mask is measured through said projection optics, 

An aligner given in any 1 term of claims 12-17 by which alignment of the shot field and said mask on the 
induction substrate held at the substrate attachment component of said another side with which said 1st stage 
section was equipped based on said 1st physical relationship and said 2nd physical relationship is carried out 
one by one, and sequential exposure of the shot field on the induction substrate held at the substrate 
attachment component of said another side is carried out. 
[Claim 19] 

The 1st alignment system which detects the alignment mark on said substrate in order to search for said 1st 
physical relationship; 

The aligner according to claim 1 8 further equipped with the 2nd alignment system which measures said 2nd 
physical relationship, and;. 
[Claim 20] 

Said alignment measurement actuation is performed measuring the location of the reflector of the substrate 
attachment component of said another side with which said 2nd stage section was equipped using said 2nd 
interferometer systems, 

Reset of the length measurement shaft of said 1st interferometer systems which has hit the reflector of the 
substrate attachment component of said another side with which said 1st stage section was equipped is 
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performed after termination of said alignment measurement actuation, 

An aligner given in any 1 term of claims 12-19 by which sequential exposure of the shot field on the 
induction substrate held at the substrate attachment component of said another side while measuring the 
location of the reflector of the substrate attachment component of said another side with which said 1st stage 
section was equipped after said reset using said 1st interferometer systems is carried out. 
[Claim 21] 

It is the aligner which exposes the image of the pattern formed in the mask on an induction substrate through 

projection optics, 

Base; 

It has a reflector for interferometers, an induction substrate is held on said base, and it is the movable 1 st 
substrate stage about the inside of a two-dimensional flat surface.; 

It has a reflector for interferometers, an induction substrate is held, and it is the movable 2nd substrate stage 
about the inside of a two-dimensional flat surface independently of said 1st substrate stage on said base.; 
The 1st alignment system which detects the alignment mark on an induction substrate; 
The 2nd alignment system which measures the physical relationship of the criteria prepared in said substrate 
stage, and the mark of said mask through said projection optics; 

The 1st interferometer systems from which have a length measurement shaft for measuring the location of 
the substrate stage holding the induction substrate with which alignment measurement actuation using said 
1st alignment system is performed, and this length measurement shaft separates from the reflector of said 
substrate stage after said alignment measurement actuation termination; 

It has a length measurement shaft for measuring the location of the substrate stage holding the induction 
substrate with which exposure actuation using said projection optics is performed, and has the 2nd 
interferometer systems and; from which this length measurement shaft separates from the reflector of said 
substrate stage after said exposure actuation termination, 

The 1st physical relationship of the shot field of the induction substrate held on the substrate stage of said 
another side and the criteria prepared in the substrate stage of said another side is determined by detecting 
the alignment mark on the induction substrate held on the substrate stage of another side by said 1st 
alignment system in parallel to exposure actuation of the induction substrate held on one substrate stage of 
said two substrate stages, 

While the substrate stage of said another side is moved to the predetermined location by the side of the 
image surface of said projection optics after exposure termination of the induction substrate held on one 
[ said ] substrate stage, the 2nd physical relationship of the criteria prepared in the substrate stage of said 
another side and the mark of said mask is measured using said 2nd alignment system, 

The aligner with which sequential exposure of the shot field on the induction substrate currently held on the 
substrate stage of said another side is carried out based on the location of the substrate stage of said another 
side measured by said 1st and 2nd physical relationship and said 2nd interferometer systems. 
[Claim 22] 

It has further a conveyance means to perform exchange actuation of an induction substrate between said 
substrate stages, 

The aligner according to claim 21 with which the alignment mark on the unexposed induction substrate with 
which the induction substrate after the exposure held on one [ said ] substrate stage was held on one [ said ] 
substrate stage in parallel to exposure of the induction substrate held on the substrate stage of said another 
side while being exchanged for the unexposed induction substrate using said conveyance means is detected 
using said 1st alignment system. 
[Claim 23] 

The aligner according to claim 21 or 22 which includes further a measurement means to measure the 
location of said substrate stage when both the length measurement shaft of said 1st interferometer systems 
and the length measurement shaft of said 2nd interferometer systems have run out. 
[Claim 24] 

Said measurement means is an aligner containing an optical encoder according to claim 23. 
[Claim 25] 

The device manufacture approach including the lithography process which exposes an induction substrate 

using the aligner indicated by any 1 term of claims 12-24. 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0039 
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[Method of Amendment] Modification 
[The contents of amendment] 
[0039] 

In each above-mentioned invention, although only two, the 1 st substrate stage and the 2nd substrate stage, 
were prepared, like invention according to claim 1 1 , the induction substrate other than said 1 st substrate 
stage (WS1) and the 2nd substrate stage (WS2) may be held, and these stages may prepare further at least 
one another, independently movable substrate stage for the inside of said two same flat surfaces as a 
substrate stage. 

Moreover, according to another mode of this invention, it is the aligner which exposes an induction substrate 
(W). Desorption is possible in the 1st substrate attachment component (WSlb) which has a reflector for 
interferometers, the 2nd substrate attachment component (WS2b) which has a reflector for; interferometers, 
and; substrate attachment component. Where desorption is possible in the 1st stage section (WS2a) movable 
in the direction of two dimension, and; substrate attachment component where one substrate attachment 
component is held, and the substrate attachment component of another side is held The reflector of the 
substrate attachment component with which the 2nd stage section (WSla) movable in the direction of two 
dimension and the; 1 st stage section (WS2a) were independently equipped with the 1 st stage section (WS2a) 
is used. The 1 st stage section (WS2a) was equipped and the reflector of the substrate attachment component 
of another side with which the 1st interferometer systems (26Xe, 26Ye) which measure the location of a 
substrate attachment component and the; 2nd stage section (WSla) were equipped is used. Where it had the 
2nd interferometer systems (26Xa, 26Ya) and; which measure the location of the substrate attachment 
component with which the 2nd stage section (WSla) was equipped and the 1st stage section (WS2a) is 
equipped with one substrate attachment component (for example, WS2b) In parallel to exposure of the 
induction substrate held at one substrate attachment component (WS2b), where the 2nd stage section 
(WSla) is equipped with the substrate attachment component (WSlb) of another side Alignment 
measurement actuation of the induction substrate held at the substrate attachment component (WSlb) of 
another side is performed. Exposure in the condition of having equipped the 1st stage section (WS2a) with 
one substrate attachment component (WS2b), And after alignment measurement actuation in the condition 
of having equipped the 2nd stage section (WSla) with the substrate attachment component (WSlb) of 
another side is completed The 1st stage section (WS2a) is equipped with the substrate attachment 
component (WSlb) of another side with which the 2nd stage section (WSla) was equipped, and the aligner 
with which exposure of the induction substrate held at the substrate attachment component (WSlb) of 
another side is performed is offered. 

According to this, a throughput can be raised by carrying out parallel processing of exposure actuation of 
one stage section, and the alignment measurement actuation of the stage section of another side. 
If it depends like, it will be the aligner which exposes the image of the pattern formed in the mask (R) on an 
induction substrate (W) through projection optics (PL), moreover, another voice of this invention ~ Have a 
reflector for the base (12) and; interferometers, and hold an induction substrate on the base (12), and have 
the movable 1st substrate stage (WS1) and a reflector for; interferometers for the inside of a two- 
dimensional flat surface, and an induction substrate is held. The base (12) In a top The 1st substrate stage 
Independently of (WS1), the inside of a two-dimensional flat surface Projection optics (PL) is minded for 
the physical relationship of the movable 2nd substrate stage (WS2), the 1st alignment system (WA) which 
detects the alignment mark on; induction substrate and the criteria (FM1, FM2) prepared in; substrate stage, 
and the mark of a mask. It has a length measurement shaft (Xa, Ya) for measuring the location of the 
substrate stage (WS1 or WS2) holding the induction substrate with which alignment measurement actuation 
using the 2nd alignment system (56A, 56B) and the; 1st alignment system (WA) to measure is performed. 
This length measurement shaft (Xa, Ya) The location of the substrate stage (WS1 or WS2) holding the 
induction substrate with which exposure actuation using the 1st interferometer systems (26Xa, 26 Ya) and; 
projection optics (PL) from which it separates from the reflector of a substrate stage after alignment 
measurement actuation termination is performed It has a length measurement shaft (Xe, Ye) for measuring. 
This length measurement shaft (Xe, Ye) It has the 2nd interferometer systems (26Xa, 26Ya) and; from 
which it separates from the reflector of a substrate stage after exposure actuation termination. Are 
concurrent with exposure actuation of the induction substrate held on one substrate stage of the two 
substrate stages (for example, WS2). By detecting the alignment mark on the induction substrate held on the 
substrate stage (WS1) of another side by the 1st alignment system (WA) The 1st physical relationship of the 
shot field of the induction substrate held on the substrate stage (WS1) of another side and the criteria (FM1) 
prepared in the substrate stage (WS1) of another side is determined. While the substrate stage (WS1) of 

http://ww4.ipdl.ncipi.go.jp/^ 10/17/2006 



Page 7 of 7 



another side is moved to the predetermined location by the side of the image surface of projection optics 
(PL) after exposure termination of the induction substrate held on one substrate stage (WS2) The 2nd 
physical relationship of the criteria (FM1) and the mark of a mask (R) which were prepared in the substrate 
stage (WS1) of another side is measured using the 2nd alignment system (56A, 56B). Based on the 1st and 
2nd physical relationship and the location of the substrate stage (WS1) of another side measured by the 2nd 
interferometer systems (26Xa, 26Ya), the aligner with which sequential exposure of the shot field on the 
induction substrate currently held on the substrate stage (WS1) of another side is carried out is offered. 
According to this, a throughput can be raised by carrying out parallel processing of exposure actuation of 
one substrate stage, and the alignment measurement actuation of the substrate stage of another side. 



[Translation done.] 
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#Btt-r«IMf*«»Jig*\ fiJrlf X-r y 7" • 7 > F • U 

[0 0 0 3] Iffli:«:oT> ccox-x-y/^-^£O0ih^ 
B^Bt55tfi*in^.fe, Xf'^y • 7> F • X+-V > 
#iS©faB-BJttSB (0IJ^.^#ga¥7- 1 76 4 6 8^ 
iHSlclEBSnfcB&jfelESBftSB) tJt«W^<ffl 
^f>tl5J;5 Ic^oTt/io COXf^y- 7>F • X 
>:£5£©J8^B7l£gB«, ®X-ry^— Kit^Si: 
*:7-r— rt/K** D'hSfcrt^-eBftTfrSfci^ S 
»^3fi<0»Jt^SBT**fcl:fcfc:» ±X-r-;l/FB 

ttiJfcS, ©t^tt^KftLTU^/l/Stf^x/^ffi 
tti£M+&£fV¥*5{tiS}3ktf t lD*). f-fXh-i/ay 
^*IU£B«©fi±#JWfem***©* U * Ftf&*<, 

[0 0 0 4] C<DfflOta^B^BK33VT(±, BJfeK 
^oTl^^^x^fc^uB^-fr-e (77^^> 

T'jgfig (Bjte^) snfcffiB^tbfflv-^ (r^-r^ 

^cofitB^m-rsci:T\ j'XA (Xti^x^ioiel 
SS/^-» OiE6g*ffiB«r«im-rSiii:A^#a 0 
[0 0 0 5] T^^^^b ^^tB^3T^f'^>' 

ftw^fffc^vT^x^jSi:, s^u>x^*-r 

t— ^mOi^'n & o * 7 T t/ ->X7?iW) CD i: 

t>\ ^-«(D±«tK:*5-p&53x+->TU— ifTtjg^ffl 

»LTfelRMC»ffiIEA^^nTl/^<OT% t>7^->X 
i$U>X'i:{±SiJ(cKt7P>nTv^c 

ansae**** c t * < , e *ft7t*«w-««Rr«Ta5 
act, msm*<nT^^*>Ym&tiLm-T?* 

[0 0 0 6] £C3T\ COlOtBg)tgflC*5W 

[0 0 07]® ^XAD-^i-jT^iA?: 
^ x/ Nf- 7;l/± □ - K -T S 7 x/ n n - Klg^ff* 
*ptx. ^v^^x/N^^S*fli:-r5l|C<fet)^t)^>S 



[000 8]® ^x/n±<D#->3 v hffii£<D& 

£ Q ccoyyofyy?'? *>hxm&s — 88tc EGA 

i/^n. d<D^«, ?x/Nft©«f&©^>://l/S/3 >y 
h*»S?LTi3f?. aBE*V^l/S/3 *y hfcfflSSnfc 

^xa1(D^>3^ FEW?*— **3Ra&*fc<0Tfct> 
(WM«6 1 -4 4 4 2 9#4i«»#ro) > HtKfr-f 

[0 0 0 9]® ±2LftEGA*i»li:«l:D* 

So 

[oo i o] © mc^ mytwmznrcv^T—zr?i 

[0 0 1 1] H<D£5l£^ S£*OSK©tglT1i, * 
>f ^>h->B^6-*^^N^«i ©£-5^ ^f<30 

[0 0 12] 

[0 0 13] nhtuu 3Ktt<o*8IB«^a6«-Ctt. ± 
L/c 3 o<D»rft 4r > > * ;Mc frfr ft § c £ 

ttfSC LtiP)OCi:ti, 9oT77^f 

[0014] fcr, jgnwicyu Bfticg-rsujia* 



(4) *f Bfl¥ 1 0-1 6 3 0 9 9 

6 

>y>^-<Dig£\ W»a>>x^B31fi«FHIi:^3yhHOX 
f7tf>Wli:^T^^ *x^BttH$RB©JgJ8 

ft^Lt> ©SffiJg. (DO F : Depth of F 

orcus ) . <§>m$afflmmmmtf&t), mmmRi*. m^t 

igf^AtU t9tmi^>X(Dmn^N. A. (Numeri 
10 cal Aperture )k^^t^ A/N. A. &Cj±0IJU ^ 
ggfiDOFttA/ (N. A. ) 2 ^iteO-TSo CCO/c 

D> 8»«v^5nTV^fciTO£E*«9>yoini (g 

iSS) «»ctfc^y-«<** < , S8fit'»5i:^ 
a W^OBft^M/fc^rfeeDi: LTftl:3^cx^^7U 

<. 3tfl*^*<. B^BWWfcLT3ffl»&tt« 

20 tt**0«H«fT?#-r. »I*ia§X;Wy7h(0 
[0 0 15] —75k ^3 7hPI^Xf7tf>W»I 

^o/c46tcfi. ^x/^^-rsx-r-^cogffijSjg. 

• X*^ >#5£<D <fc ^ &*^SSeB>fcS«©#&«:, 
u^^;l/fc^x7MO*B»3feaB««*±*f *c t) * 
x/NOB3t^PJ<0®ie^pIflgT?feS*^ ffl»^SMO 

[0 0 16] LfrL&#&. «Pfc^±8KK:a*-e«* 
5 x*->v tf )ta*fflv^J8IBBJt*«o J; 3 fc:* 
77^ i/X77-r ^ > Xf 

«fe», x7 L -^^w^*a!{b-r*^6't?fc*o 

[0 0 1 7] W±J:0. lWabfc3"30lM^Ofl^O» 
so U^y h&<X;l/-:Ay h*lft±S*SC fcttH«T« 



(5) 



mtiW 10-163099 



[0 0 18] tttmit, frfr%mm(DTlC%i-$tlt£i><D 

[0019] sft, m#m2&^L i i Kfe®cDfgB£(D 

[0 0 2 0] 

[^g^ftf 3fc«>co#fi8] H55EL/c3O0i6f^ t 

Rtf^^^ffl-r^o w^js i \zmm<omw 

(r) icBftsnrc^z— xomttmzft^ 20 
^ (pl) zftL-rmitM®. (w) i^m^-r-s^* 

liT'&oT, <8)£g*£ (W) ttU&LT&ttm—VW-M 
ft£3fci£SfS^tg&2OC0Sl£X^--v ? (WS 1, W 
S 2) ^rffl^L ; Hij|e2-0©SffiX7 i — V (WSK w 
S 2) COftcO— /jCOg&X-r— (WS 2) 
fc«*SSft;fc«fS»K (W) ±fct8fB&»tt3^ (p 
L) ^UTBUlS-rX^ (R) ©/<*->**Wfcl, ; 

mm— 75t©ssxt— ^ (ws lxaws 2) 

nfc^JSS^ (W) ©BTtftc, iW!e2-ocD»1£Xx- 
^<DrtOffi75"<OS1i5XT— ^ (WS 2X«WS 1 ) leU so 
#$tlfc!SJSSffi (W) ±<DttW£it>-&T—Sr tmifk 
Soxf->* (ws 2xiiws i) ±<DMmfi.t<D<iLm 

*S»«©Wfc«7»fc:, tW2fl!rtr©as«XT— s?±o» 

*^*Hutas^^3S (pl) ota»®«rtfcfitH^46 

^cogffiXx-^cO&lfffiB^ffiL ; BufEtfcmatlfc: 
» U Mffiffi/j <0X^- 3>K««f S ftfcBlSSS i: huIB 
[0 0 2 1] CWcJ:n(f> 200lfiXf— >' (WS 

i, ws2) (Dfa(D— yjnmfoxT— v (ws ixaw 

S 2) K«8f**ifc«&3« (W) ±lcMfE8J&tt^ 

(pl) ^LTttrievx^ (r) <r>*9—z/mtiM9t 

#fiffc>tt3IW»£U ®2'0<DSSX7 L -^cDrtOflk7?C>S 
»f-^ (WS 2»iWS 1) tC<SJf^n^l£ffi« 
(W) i:i*OXf-i? (WS 2 so 



XttWS l) ±©»*j£fc©<fcBB^**tNI!l2tiS. e 

fiXf- yfflUO T v-r^hiMt «t!375-£0@^X x- 5? 
K«J*«tlfc«J63S«±Offi«**>e: V- * (OX 
t— ^>*±co**P^ i: coffiSIBflcottMiJ) *Mfr b Ttf 
£•3 Ci:A^#^cOT\ cn?>coIiMf ^ri^— ^rz/l/ -wl/ 
KfT&oTV^c&JlSSffiKit^TX/l'-y-y hcOnSLh* 

[0 0 2 2] fit, ±IE©— #©*«Xr— 

*nft«BaMEo«^»Tafc, Hutaffi75rcos«x^- 
*j (ws 2»iws i) ±o»p^i*a»3e*^ (p 

L) ©a»««rtKttB8fe*L,fctt«T» (D^coS^H 

x^— ^coffi«ffi«*^man*, ^co^ic, 

ai®{fig^a-iSv>Tffi73C0»SX7 i -^ (WS2XliW 

s i) <D&n*fflmL. mftoxT—wcumEftrcm 

*SS« i: Ml x * co/^ # - >m £ coffiB-a-fe^A^T t> 
[0 0 2 3] CCDfctb, ©cOffi/jCOSISX^— 5?±<Dffi 

^tb^tca^stsxx-^coffiB^sa-rsT^n- 
xf- ^co^fiBco^tbco^cox-f-- ycofitB^rwa 

[0024] tot, ffli^fcfttii^to-a-v— ^*tttn-r 

57- ^7^W^i:LT^-7Z^>'XCOZ'7'f'^>h^* 

(vx^co^^->{tcoi§^*'L,0 fcT'^-i'^Ob^co 
tfttB^fcOttBHflg, -T:S:t)^^-Xv^>»cOffhM 

#*£<8iftT^TfeM5©*g|^tf&v>co^ -<-X 

SIEXt— s?*/J^ • @»{kLTt{5jP.c0^ 

[0 0 2 5] »*S2fcE«OSSWti, JS^Tt^^ (P 
L) *^LT«J6»« (W) ±t/<*->*BJi6-r*» 
^ifT-SoT, ®JSS« (W) *«»LT2 3J?7E:Tffi 

n^m^im^m \ ssxt-^ (wso t ; jsj&s 

* (W) ^jfL-TBUieMlSteXT 1 — >' (WS 1) i: 
[pl-¥ffirt^Hufem 1 S«Xx— >" (W S 1 ) iiXim.iL 
t^tljRf*g^2S1fiX^-v ? (WS 2) t ;buIBJS^ 

(pl) ^(±8ijtcagtten, Husestsxx-^ 



(6) 



%fmW- 1 0- 1 6 3 0 9 9 



cws i, ws 2) ±5m.mx7—>>ic&n-£tirzmjfc 
mw. (w) ±(D^—!?%:mm-rzrztb<DT^* *>b& 
(wa) t ; mum i &mxf—i?Rzfm2&mx7— 

A (2 6) ; tijf22 0©S«X7 : — >*cD^tl-?"*n*. 

RHeo«2lC[B2:onT«tt2««iMb#S (2 0. 2 
2) i: ; S Hfixf->*MS2lixf->"ort© 

ffi?3©X-r— ^±T'SufBT^-i'^>h^ (WA) Ul«fcS 
v-^«tmftffjyfft>n*J:3fc:, BU§E ; F*ih>X-rA 

(2 6) ©ffflKi^^Loo, Bute2 0©X-r— 
©ftf^*W»Ufc«»c, MfiB^t&^g (2 0. 2 2) 
$|J8P L Tfjf 2— 7a OlSX -r- S- 7 £ ffi73 ©S1SX t 1 - v> 
OfitftAntxSIJifS (2 8) k*St*. 20 

[00 2 6] CtUCfctUf, (2 8) 

v-**aabfls#fTfena.fc3te* fM->xfA (2 

6) ©tf-pM^^-— $ LOO, 2O0Xf- iS(DW)tt* 

#j»«nfc«ic, (20, 22) i»w»«n, 

— 73 OSiXf- S> i: ffiTsOSffiXT 1 — S*D{fitB<D Ati 
SaUfccfctK x;l/— :/v KO|qj±^BrfllrfeS i: £ 30 

iftft * xtie*. t . «&73 o x 7— *j\z un £ nfcssjsa 

«#B3tt«tt*MK:» -7j<DX-r-v ? ±T'7^-t'y>h 
I (WA) ^tttH«{^*MfT L,T?f&5ci: 

[0 0 2 7] ^5R^3 fcia«cOf§B^t±, MSB 2 fcfBB 
OBftgStfe^T, fufB z Fi$it->X^A (2 6) 
Bffi«Bft¥* (PL) <D^f^T?ffiS»ciiBk:3?M 
■TSSlBflH* (Xe) &tfB2BStA (Ye) t, M 40 
IBZ^^Vh^ (WA) Ottffi**>T?«StfiBh:X 
M-rS^3«iJSW (Xa) RtfB4ft5tt (Ya) i:* 
Ix., mlESiJSP^fia (2 8) fi, busE— 73fcft&73<DXf- 
-^Offifi*Xn»**IRfi:, iiuf2 z F#fh>X7 i A (2 
6) ©Iijfiiffl (Xe. Ye, Xa, Ya) ^Ut-yht 

[0 0 2 8] cnfCfcntf, T?$ih>X^A (2 6) 

(pl) <Dmz<p&-?ms.icmmc&m 

■TZm 1 PJSIfi (Xe) Rtf§g2)iJSIft (Ye) i:, 7 

^-r^^h^ (wa) o^tutf^T'ffisicSittic^M-r so 



10 

2>m3mmm (Xa) RCftUBfitt (Ya) t^ix 

^<SffiX-r-v ! (WS 1, WS 2) ©fiEBfciEfigtCg 
a-rSCfcWTf**. Sfc, *IJW#S (28) -73 
fcBTb-OXf'-^OttB^AnBA^IRK:, Ti$§h>X 
fi» (2 6) ©pjfifft (X e, Ye, X a, Y a) Sr'7 

*ti-rnoasxT— ^©ffiB*BauTt , >fc : F»w-> 

XxA©$Jfi&lltf-B.#lftTfc>, ^tf-S/X-rA (2 
6) OliJSW (Xe, Ye, Xa, Ya) ZV-byb-T 

«, *© '7 -tr y h SftfcWSttND8t«IB*fflV'>T B 1 , 
B 2 OSffiX-r-^CDffiB^Wa-TS C fctfnTflgfcfc 

So 

[0 0 2 9] M^4 tCf2«<D?gBJ3«, SBtt9S» (P 
L) *}>LTSK(S»ffi (W) ±fc/<*— ^fcBJIWSB 
JiaiWoT, (W) *«)fLT2^fffi 

l SiXf->' (WS l) ;^fSS 
£ (W) *«#LT»IHBia«*v l -s> (WS l) i: 
B— ¥Ert*Be» l S*EXr— ^fcttSUtt^ttBTfil 
%!2lfiXr-v' (WS 2) £ ; buKS^^^ (P 

D timicmifzti. Buiessxx-~>*±x«isxx 
z^^vbs (wa) t : mem i muRXT—ss&xf 

m 2 SfiXf-;© 2 3fc7Effifi**ft^ftW-»r 3 fc«> 
OTifi'XfA (2 6) i: ; ilufB 200iixf-v ! 
O^-n^n^r. X-r— ^±tc««p«4lfc!SJiSSffi (W) 
IC^LThuIEJSKt^^ (PL) ^UTB»?Tt>n 
*B3«i$OXt— s^ftKHrtomSo^iffiBi:, SO 
mr^^^yYJk (WA) tc.fc^X-r-v'iXti^X^ 

m<D%tf m LWt)nn5f 3 ttio 3 ^jsewp^tt* 

•yrS^B^IS (2 0, 22) i: ; m 1 »KX^-^ (W 
S 1) Rt>*§! 2 SffiX5"— ~>* (WS 2) cDrtO— 73OX 
r— ^©ficB^WIBT^^X-rA (2 6) tC<fct)ga 
R— TsOX-r— S?fc«»*nfc«USS« (W) t 
Buf2S^*^ (PL) «7>LT/W-y!6«jesn* 
P^tc, BIBB l W&^T—'JRXSmzW&XT—'J^n 
<ofa1i<r>XT—*J±-e®ifoW®. (w) 03c»Rtf*ufB® 
JS»« (W) ±©Z^f ^>h-7-^tMIBffi730Xf- 
-S?±oaqijStfcOffiBH«*Mf27 , 7-r^>h3fi (W 
A) O^mSSS^BuSBT^fhi'X-rA (2 6) ©ftWii 

*3tHuIB2 00»1SXx-v ? (WS 1. WS 2) Rtf 
ffiW&m^fSi. (2 0, 2 2) ^$iJtai-ti.i:i:fetc, aulB 
2 o<DX-r-^©i!)<^i: fe icmj Lfc^lc. i5u3B2o 



(7) 
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<dxx-^±t?t fcnsnwAn^tis &5 tufa 

(2 8) k^^o 

[0 0 3 0] LtitciWl 3jiJP#atc < kt) > -73 <D* 

~>*±t^)S8s (w) <D^mixs*<D^mk<r>*&fomm 
^tofisn^T^-f ^^k^ (wa) commm-sk 10 

tT^ff-i^XxA (2 6) (DttPJfBii^S-^^TtfSiJ-r 
5771' ^ > h Sj^AMH^f ^>tl«. <t -5 fC 2 0©S«X 
X-->* (WS 1, WS 2) RU^KfJMS (2 0. 2 2) 

Wilt k ffi73 OX f— ^fflaoiSJSSSiO^JftStfT 5 * 
>hiMtk©MTM3l;:J;tK X;^y hOJ;t)-I 
(D^^nJfigT^S. CcDJf^ Slfiil> Sfl2{£gk 
(±S*i.m3{i«T^(£;S«O^Wft.nSCit:\ C 

[0 0 3 1] 3:fc, Sijffll^g^ti, 2 0?)Xf- ^Old 
(WA) iC^S^-^fctttl&ftfcMfT LTtf^3 C 

[0032] cotf-a-icist^r, m&ytmikt Lrm*- 30 

ia<, *9—z/imj&zni£v7<9 (r) *micmv, 
BGfBvx^ (r) tc^fig^ nfc>- ^ - ^(Dmttmzyt^ 

%k (PL) ^LTtuia^lSSX-r— (WS 1) R 
tfS2lfi7f-^ (WS2) ±©*j£»K (W) ICR 

[0 0 3 3] W3R«6 fc|2*©»Wtt, KlIBtt 

oiS)t^Hicfei/^T, Suia^Sf-^x^A (2 6) a, 

m&®&ft&% (PL) oa»*^T?*BSk:aifitk:S£* 40 
*-*a§l«l«tt (Xe) &tfa§2 8l8tt (Ye) k, S3 
ffi/'7-l'*>h5& (WA) ©1£ffi^LVZ?tg5U:Sl£fc:3£ 
H-TSm3SiJg$* (Xa) Rtffg 4 PJSfill (Ya) k* 
MX.. auKSiJ^S (2 8) It, fu§a2 0©X^~>" 

(w s i , w s 2 ) ©^n^mco^-c. tuiam 1 tee 

'NO^a&CD^IfcffliB^tf^XxA (2 6) com\RU 
M2»J«lfi (XeM'Ye) £:V-fe-yJ-L. fu§aSg2{4 
■^©^IftOlBKiJaBTjSMH-^Xf 1 ^ (2 6) ©ff!3&. 
tf^4fflStt (XaMYa) * U * *y h S d k 

tat-r-So so 



12 

[0 0 3 4] Ctlt<fcn«\ T?^tfv'X7 1 A (2 6) 
2>\ mHt¥% (PL) Of9ie(t>^T?fflSU:SifilC3!EiS 
1 MSM (Xe) St?^2iiJS^ (Ye) k. 7 

■5^y^h^ (wa) o^ta^^TfflSfcsistc^s-r 

«£3iH5Wl (Xa) RXl^AMSM (Ya) k^fifx. 
S<SfiXf-f (WS 1, WS 2) Oi4H*iE«lt* 

itscitmso mm^m (2 8) *\ 20 
©x-r— ->* (ws 1. ws2) cD^n^ntoi^T, m 

1 til&^CD&mnl&lCT&Bt-yXT-l* (2 6) ©Ml 1 R 
Um2'fflmm (XeMYe) £U-t:-yhL> fS2ffiB 
'\©»Ift©IBK:=F»ffh>;*f i 2» (2 6) Og3SIf*4 
$iJSifi (XaMYa) *'J-t7 KSCfcA^, ^ 

nosigx-r-^tov^Tfes^ggs&m, rv^^^h 
•fe>y h-r-5CkA^T'#, ^-n^T'^ti^noaffix-r- 

[0 0 3 5] C£0^lC*5V^T. li5R«7 KEKOfgU! 

©sn<. S5i2vx^7 (r) >mome'p>V'tm 

(R) fcflW2tB»ft*3R (PL) */M,T*UJTSV- 
*tfcW*ffi¥8 (5 2 A, 5 2 B) ^IffitSCttf 
iSLl,\ ISt&ftZm (PL) ©J£S5 

fSWrt-caSX-?— : f (1 8) ±©m5£<D**fSj£kvX 

^ / - >m<o & t (Diummm^m t * « 

fitBlcStSXT 1 — P (WS K WS 2) ^{itg)*i6L7j: 

f?g{C, v-^{4H^m#IS (5 2 A. 5 2B) 

X<7 (R) <D^2->m<Dt8§$$>>bt.&tiLX7--i;±<D 

wm&n<Dtiiwm%*^Kt' (r) tm.&yt¥%k (p 

a, aiejt#» (pl) ©s»«*[#iT?is«xx-s> 
(i 8) ±(omm<Dmm&£^x*^z->m(Dmz* 

^46. COfilt'SL S2»lg«lOU-fe>y h^fetT* 
5 «fc -5 fc -r S C t $ >„ 

[0 0 3 6] JtJMBSWfcfeVT, W*«8lCfa^©Pg 

0^©^<, Sijiag-Stexx-v 7 (ws l. ws2) t>\ 

X"r—iS&fo (WS 1 a, WS 2 a) t, C<D^fc (W 
S 1 a, WS 2 a) ±E»Itt£ftK:»*;£ 
f^SffiffiJtgPW (WS 1 b, WS 2 b) k^L, K 
SlSfS^fSPW (WS 1 b. WS 2 b) <DWmia£=F'&Et 

iaS^kLTS^T-^7 (WM, RM) tm&f£tlX 

vs*a-tc»±, mm®m^m (20. 2 2) *\ suiaa 



(8) 
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[0 0 3 7] ^fc, CtlZ (DWi&fc *>^T&m^& £ L 

* JSv^* c £ ft < SlXf-^^SSf^W^^l 

7-A (2 0. 2 2) laoiiriEsnt^Tfem^ 
[0 0 3 8] gsfc, ±E*«BBfc43V^T, TM^Xf 

(PL) . SufBT^-f^>h^ (WA) ^n^n^F 
*fHcJ:-5W*0»Pfca*H«« (1 4X f 14Y. 

l 8X, 1 8Y) *8tDtfW"Tfcfil\, c fc, 
HSat^fftOiiHff^feS^&jcJt^T, *Pffftft©^M 

[0039] ±ie««wett. »usfixf-^»2 

1 fcE*©J8WO»<, WIES 1 S«X^-v> (W S 20 
1) M^28fiXf-y (WS 2) COftfitC. 

L TMf 2 2 ^OllXr- £ fWJ — ^Sft * C tl 
SOX-r— ^i:tt3fiji^»Riagft^ft< fcfc l oogij 

[0 0 4 0] 

«Jg 1 OHSBB«> fiCF, *«B80S 1 <Digffl0BJB«B 

[004 1 ] nui, ig i confimmicmzmyt&w 

i o oco^^^nrv^o ccomft&Wi ooii, 30 

[0042] c<otsmmftmm 100^ mmm 1 o p 

!>XAW*ffififLT^-X 1 2±^XY 2SrtTlR|K:»tt 
1 IfiXf-^i: LTO^XAXf-^W S 1 
Rtf^x^W^ffiJfLT^-X 1 2±^^xaXt-^ 
w s 1 £ tiSfcftfc x Y 2 #7E*ft fc»!&Rree«S 2 StS 40 

Xf-^lTO')XAXf-^WS2, 20cD^:c/n 
Xf-^W SI, W S 2 O^tl^f tlOffiH^fhSlJ-rST 
M^>XfA2 6i:, CPU, ROM, RAM, I/O 
^>^-7i-XfmT*^n5a-n>^a- 

[0043] tmiEssniR iopii, ^aa (7j<«^>yx 
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«MI Lfc<fcoTU^*7l/RCDTB 

BftfflSfflBft I L £ lT(i, 7k«5>^<D i SHOW 
J£L XttKrF, A r Fia)x^i/7l/-f^H> 

[0 0 4 4] U^;I/X<r— >?R S T±lcte^H?S<Dig 
rSj (0 Hc*5ttSJKffi*^[qj) . YW^IrI (Hi £45 

»s«Effifi&*iRi) m}eii\P\ (xY®rtome^iRi) 

;l/XT-^RST(i, UT-ZjVRO/^—XDQtfo (Is 

^;M?>^) 3WB»3tt**PL©3tt*»Ae4:«Hf-^K 

^*ttffiTU^*;UR«ffiBi*«> 

b) T?f?S<fc3tcftoTi/^o iim L^bf^;l/ 

[0 0 4 5] JSK^PL^ ^OJtttAe^U^-^ 
;UX-r— >*R S T<D&Wmicm3£?2> ZMrfifa£^ft, 

(/mmtf 1/5) ^tt^t^ii^nrt^o 
coifed ^;l/RO^^->i:^XAW±€^3 7 
hffl«fc (7^^>h) tffrfetifttfcifi 

r% sara^i Ltcfc9^*;i/R^-ftBas-r?fHws 

[0 0 4 6] 3= ft. *«SBB«-ett. a»***PLO 
Xf-^WS 1, WS 2 0BJt«rOX(ft^iaffi«Wao 
^PLOYfft7aTfRl-{R'J (Blfctet**«ffi*fll) OfflOffi 

fa<iLwmm<Dmm£%:z>Ym7mi 4 Y^^tit^ 

[0 04 7] tuta^x./\X-r— i/\N S K WS2 O/gffi 

cne.^MEM^^ot^XAXf-^WS 
K WS 2(i^— X 1 2±S^OP^tcg(^^a>' (/1 
m) IgO^'JT^yX^lTfftftl^-X 1 2± 

^s±$KFjntt>So cn^o^xAXf-^ws 

1, WS 2 0X»^fDj— (10 (01 OffiR 

[0 0 4 8] ^fc. ^XAXf-^WS K WS 2 CQjg 
ffitcti:. h^nftiiS^titfe!), ^-X 



(9) 
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RfT^iUts xf t 5 -r ^ > h mwmw a T*sa«om^«B 

1 2MXY 23fc7C*l*»C»«|-r*. "Tftto-B. ^x/n 
Xf-^WS K WS 2&m<0^if^y 1 2 

ws k ws 2©ll#Si:bTOt*«>*L-evy 
[0 0 4 9] ^xAXf-^wsi, ws 2±ia^m 

-yws l , WS 2±lcti, -t<D«BB3b^x/NW©^BS 
^ft^ftHSStiTi^So — T^oS^Pv-^SFM l © 
IrI ^^x/Nr^-Y^vh gg&tt W A Tff 

sw-rsrcftov— ^wMtfjgjssn, l^-^wmo 

«#*lfllW«lciBIB3tt**P L^IlTbf^;l/R to 20 

[0050] mic. ^mmmmx^t. «»mpL^ 

0 0 Ommin/cffili^XAWtM^tl/cffil^ffl 

wA»te>titi^c ^x^wtc^. mjis-eoB 

[0 0 5 13 T^^hKlKaWAfcLTfcJu llT 
fcfc, ffl«fflg*S£>l^fc>«>SF I A (field Image Alig 
nment ) ^077^ * V hgS«»^ffl^6nT^5o £ 

©W^UVXfciliflLfcl&^x^W (X(iS^v-^1g 4 o 
FM) ±tcBgS*2*u ^o^x^w^BaO^FH^O^x 

m t \zm~3^T ^xaw±o77-t * > h ^ o&s so 
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[0 0 5 2] gc/c. 7^-r*>hK»«WAOXlto5riq| 

— w (iaikH3*t*aE«) odpstcfi, ^xaxt-^ 
wsi, ws zor^^^hftft^oxift&iftffiliw 

-<^>hWfflWWAOYtt^riftHJB (Bifc*5tt*«B5 
Hf9) ©flUffitCli, ^XAXf->'WS 1, WS2£>1S 

[0 0 5 3] Z9>T^>Hlllfflli:LTttF I A 

^tCRg?)^ L I A (Laser Interferometr ic Alignmen 
t) J&^PL S A (Laser Step Alignment) ^M<D{^<Dft 

OJ!^^U^;b^[H]£b^:^ttJ*t"^> STM (Scanning Tunne 
l Microscope : tEMM h >^mwm') ^fETPStl (51 

A F M (Atomic Force Microscope : M^FS 

Jimmm) m<D$m¥&m9*&m-r* c 1 t we* 

[0 0 5 4] MtC, **ffl9&jg<Dfi^Btt^S 100T 

itow^77 

^^>hgS?S^5 2 A. 5 2 B#Sl*6*lT^So 
VjXsT^?^ ^1/ hM$&$&5 2 A, 5 2B<Dt£tttft-S§S 
1 s S2fcfc, ±»gl2 8&C«$&2*l£ £5*C&oT 

^^;l/Z^-r^>hg|?a^5 2 A. 5 2 BtC*<fc*6<D 
fl[p]^^- 5 4 A. 5 4B^SK*Uf^77>f^> 
MM5 2A, 5 2 B£ — flefi^COLXy Mt2*lT, 
-»©S»«a-^h5 6A, 5 6B«^nt^ 
£o C tl £ O^H^jLX 7 h 5 6 A N 5 6Bte. BftS" 

£tu ^0^0 ^ ^—mmmwiz cfc o r , u^^^w^ 

[0 0 5 5] ^XAXf-^WS U WS 2^0(4 

s^wa-r^ia i <oT»sfs/x-r a 2 6 ico^rparr 

[0 0 5 6] CC0 z Fj$lti/X7 : -A2 6fcfc. JlfStCtt^ 0 
StC^^n^^^tC, XfST^fnJfuBttfflfflCO^l (DU- 
1fT»tt2 6Xei:, Y«7?fp]ffi@W-»Jfflc0^2 6Dl^- 
lfTJWH-2 6Yet XM^[p]ffiB&fSiJfficD^3cr)U- 
fTM26Xa^ Y«^FiSiffiBW-iBJfflO»4 0U- 
tfTWW-2 6 Y a fc*$A,TjfcS«ttT^3*\ 12 1 7? 
^ein5)?bM^W^ :: F^tf-^X-7"A2 6^LT^tl 

[0 0 5 7]SlOl/-fT»t2 6Xett, X@^g| 



(10) 
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AXf-^ (WS IXttWS 2) OE8*ffilC*fLTSIg 

tr-AXe 2 *tawt, cti62*otr— 

[0 0 5 8] m<D\s—*?^m\2 6 Y e (i> Y 

4YJC»LTta»?1£*5fiPL(Dt8jR^*ii* 
YttT^Ol^r U>Xe-AYei fctSSfTSili:** 10 
^ ^x/NXf-y (WS 1X&WS2) (DfcMmztt 
LT9Jge— AY«2 #fi»U cn8 2 If —AOS 

[0 0 5 9] Sfc. S3<0U— 9*^*^2 6 Xati, X 
B£ttl 8Xfc»LT79^*>hMMWA©tftM* 

iL>*a*xiiwiq!ou7r i^vxif-AXai *tas«-£ 

tt$>lC »)XAXf-^ (WS 1X&WS2) co^it 
ffitc*tLT$'J:Rt£-AXa2 *J2*tU Cti^»2*^e- 20 

[0 0 6 0] *f=F#«"2 6 Y a Y 

^iiSYtt^lRlOU^r bVXtf-AYai £r&*f-r£ 
«)x/NXf-^ (WS 1XI±WS2) OJSI* 
ffi^LTSJSe— AYa2*iS*fU Ctl^2*£Dlf- 

tti^l^V^TB^ 1 8 Y ^-T^X/nX^-^ 30 

[00 6 1] CCf, 1/77 l^Xlf— AXei RUfflM 
e-AX e2 2r£f&£Sg 1 Ol/-ffM2 6 X e« 
MttlMMiXe, L^7 7l^Xt£-AYei&tfifflfi 
tT-AYe2 fr&JjgS^ 2 0^—1^8^ 2 6 Y eOfflOfi 
it»2««iYe, U^rUVXtT-AXai fttfMS 
lf-AXa2 *6lS5S30U- 6 Xa«S 
**Sl3W«ttXa. U77l/>xe-ixY.ifttf8lfi 
tT — A Ya2 ^f>S^S4 0b^f I FM2 6 Y a CDPJfi 
«^:^4ffliJgttYa^P?-?:^0^-r^^. fllgiX 40 
e &S2jfKSWiY e S»)tt¥RP L©»«^ii 

JMtf a£&4HJMYa£U:. 77^^>MWW 
AO«||±}^L>T*MH^MLTl/^o CtlfcJ:9. ftj£ 

SMict^xAXf-^oa — rv^icj^T*^ 
iiO»K§tt^ci:^<, *ft«i©tH»lll#flIT 

$y^«S£ft±£-e&^<, ±e*ift^ so 



18 

[0 0 6 2] 0 1 &Cg|tK r P8?fb>X-rA2 6<DfHH!jffi[ 
tt£MHl2 8fc«»atU ±WM2 8 7ttCO 
z F#fi->'X7 1 A2 6©tfMffi*^x*Loo. IJjSLft 
'JxZ^-^^U^XAXf-^WS 1, WS2£r 

[0 0 6 3] H33b^e»feB^6A^J;a^ 1 (OMM 
mmtDm^ «>x/NXf-ywS lXliWS 2±0!)x 

6Xe, 2 6 Y elC^oT'JXAXf- ^fiti^fi 
2tU T^^^>hli1ttaWA*c<J:9'>x/>W±OfiiL« 

Sfflli, S3s S401/-fT*f|-2 6Xa I 2 6Ya 
t^oT^XAXf-^ffiitfil^nS^^c^o 

nfno ^ x/ n xf-^oswi tcSfc^>^<^^(D 

T\ z F*tt^X-fA2 6&C<fc3^x/\X^-^<Dfefi^ 

[0 0 6 4] CCD/c46, **«0gJ£<DS»Sttgfi 1 0 
OTIt ^xaXt-^WS 1 £0 3^l£<g^T^£ 
n^S3{iBi:, H3PftcH«-e^ansS2ffiHi:. 
B3WXAXf^WS 2tfffifit«glfflfifcO 
3«lMim"CSfik:»tt**«»tt¥afcUTO»l On 
^7h7-A2 0i:, HflKc^X^XT-— v^WS 2^± 
le^ittB^:. *2ffi«fc. »3ffi«k03aWSHTe 

teic&m~$*£z>&m^mt ltoi 2 h t-a 

T-A2 0. 2 2 t>±W»St2 8»CJ:oTaiBISn, 
K $2(0D^ h7- A2 0. 2 2(D>)xa 

x^-yoffiBMSPffiftCi. «te± l jimgjK^&oT 

V>So cnf)OP^yh7-A2 0, 2 2fcLT«\ ^ 
*tcH^*r§/-cA6tC, H3*fclW2 4 A. 2 4BT^ 

[0 0 6 5] CCT\ ^3ffi& »2ffiB2fctflBlffi« 

JR3S««lO--SP*#l^-rs«BaS7'-A 50i: ^xaXt 
— is (WS K WS2) Z.<DmW^/^W<D&lfmistf 
fTftt>tiS^x^N^gi{fl[»*iKttL. ^2ffiBi:». 
XAWOP-f^>Wi?7lf:i> «>XAXf-^± 
cO^x^NW^JtLT^^^Vhjb^^n^fitBTfeo 
T|g3 9JS»X a tm4m&mY a fc^^XAXf 
-^OS»ffifcafcSffiKeDfflB*»»L. JB 1 ffiB£ 
ti. »>XA077-r^yhtf»7Lftfc ^x^X-r- 
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1 ISiX e i:^2«!JSttY e t^l^XAXf-^ 

[o o 6 6] *mtimm-v\u ±i&Lrc&o\c, 03* 
ic^nz&wtf. *ti?nmnm. m2im. S3 
{iLWh\^xfe&>z>ftT^2>$><Dt-$z>h\ minima 

T 9 4 * > h SI«&§iW A Qtfcffl^rt k S: * <m*m 2 

[00 6 8]® tu^^Lt, ^XAXf-^WSl^ 
g§3fi£B£StK »>iAXf-ywS2tfSliSEl£S 

[0 0 6 9] £-3% "JxaXt — S 1 kflftSsT* — A 

5 0 h<DmT*v^>\&w$Vi%it>nz>o z<D?x.s^3m 20 

iiJc^DX, Y, 0 7jlRl^«li8fflHi*«)^S:^tiT*3 
19, ^XAXf-^oa - Kffiltf *t < f tiS C 

0B*fcfSip' ? ?--£«FM 1 JcfchTS^x^W 30 
©o-FffiBfe±IE©± 1 umWTOKiSWHrtfcao 

[0 0 7 0] CO^XAm »)XAXf-^WSl 

^•yhT-AaowxAXf-^ws i#se*t^s 
cdt% »>XAXr-^WS 1 &m E £%;mcft< 

ofc<fc9ffi*6nT^sra«\ »>xAXf-^wsi^ 

tC^ol/^TlRli:) o 40 

[0 0 7 1 ] ^X/n3?& »XAXf-^WS 1 ±^<D 
«)xaWOo-K) #*fT*fS£. ±Wgf2 8T' 
tt. Si (On^y hZ— 1x2 0«JiLt^x/NXf- 

COffilt?, S3. 9*T5$tf2 6Xa, 

2 6 YafcHWrlcU-fe* h^TSc CO'Jty bff«7t 
Sfc, S 1 ©D*^ h7-A2 OliCCTOlSI^X 
SOT, 1 £Dn^7 h7-2,2 0(i±W8f 2 8 
^6O»^ciCi;T^ia^<0iBB!ilRfcJ; 0 ->xaXt- 
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[0 0 7 2] ±fS^S3, »4©U— 1f=F»W"2 6 X 
a, 26Ya(DU-t7h$?7ll £HfRWl2 8 
%m 2 6 X a , 26Ya ©fHI8ffl*^x* LOO N ^X 
AXf-^WS 1 ±coS^v~^ffiFM 1 ±co^-^W 
MtfT-^^Vh ggffiSl W A (DfetoffiR ft fuB&tf) 2 
n«<t5lOXAXf-^WS 1 ^tu^L/cUxz^- 

A2 o*cj;SS2{fl[B^cotaKi*«)»««. Sy*E<Dfc] 
<. »fa±l umWT^RTtlTSt). C(D*2fil7T 

1 /imI«0»«SlT'Rf|-ffl »XAXf-^WS 1 (O 

mm t mm-?- * * wm t <o»w-±©*b# 
ffiBHffi) fc:a^^TfflBiw»«<i5r*-eJ6o, «*w 

So ^2ffii^ ^xaxt-^ws i±comm 

V-^fiFM 1 ±07»^WMtf77^^>hiffl«W 

a ©ism® « tc s n s ffimtc a^-r s 
[0073] T^^*>h mw&w Aiaotg 

77^^>HS»«WAO«fflW. (M^) 
^t§S¥v-^iFM 1 ±(DY-^WM£0feI (AW 

x , awy ) ww-wsn, ±©j»SB2 8-?&c<Dmm 

*OS3. 3I4<DU— lfT^W-2 6Xa, 2 6 Y a Off 

««©¥^ffi (xo , Yo ) **»*o cn^oi^- 

VTB9f 26Xa, 26Ya ©ftSJfgtf (Xo - A 
Wx , Yo -AWy ) *^T£*g!pV— *ffiFM 1± 

©l/^1ffM2 6Xa, 2 6Ya(D , ;-b7ba<0-i 

[0 0 7 4] COctatcLT, — T^^x/nX-t— 
SllWx^m TWW-y-by hRt/W-S E T<D 

S2±m ^^•p^gjf^WT^nSo 

[0 0 7 5] ^XAXf-^WS 2te. fiffiS 

OftK. S2^n^7h7-/,2 2lcJ:DSlfii^ 

ttarnrfco. ccom ifflB'NOffiB»t»*J»t>± 1 u 
axt- ^ws 2 ©#»**sS7-rs tragic. 

12 8 TJiS K S 2 <0 U— tf^F^ff- 2 6 X e , 2 6 Y 

[0 0 7 6] C COS K S 2 CD Hf T^tf- 2 6 X e , 

2 6 Y eOUiry h^7-TSk, 920P#y h7- 
A2 2tiCc:T^5B^5<DT% ^S2CDn^>yh 
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[0 0 7 7] #:ic, ±W8i2 8TttU- *f=F&Vr2 
6Xe, 2 6 Y e OWSJffi*^-* LOO, S^v-^ 
*gFM2±<DV-*RM#. ja^^PLtDS^SSiS 
rtT'U^-^;I/R fcJBi«SttT^S U^d/T^Y * > h 
v-* (BMtt) fc«feft^3S*^LTS*5ffi« 

tt, wM<DPU<, «fa±l umJXT^RT^feO. CCD 
->*WS 2 0Sttfffi£S*^-^jgFM2±<DV— ^R 
A. 5 2 BTbfW^^^hv- ^£S2Pt— * 

«f m±ov-^7 RM*ra«ft««ii'r*fe:«4ieai+»a 

[00 7 8]^ Uf^l/77Y^>hiM52 
A. 5 2 BtioTl/f^/l/RiOUf^^T^^V 
h V- * tmm^— ^Wi F M 2 ±0 V- * R MtDfflWffl 20 
Pi (A R X, ARY), -rato-6a»3tt^3RPLOS8» 

»ss*pv— ^RM*^i:o{a«-rn (arx , a 
ry ) tfw-wsn. ±WM2 8m cvismji 

T^^^^hmUmS 2 A. 5 2 BCDff-fi!lffl*ffiOiiC? 
fcWftfc:, *<Df%<DU— f=Fmt2 6X e, 2 6 Y e <D 

wmm (xi , Yi ) %m&mz>o cmaD, »r 

fM26Xe, 2 6 Y e tOtHRMtft* (Xi — A Rx, 

Yi -ARy ) fc&SffiBtf, Ix^/l/T^-r^Vl^ 30 

-^t»7-^iFM2i:W-^RM^J:9 

±IE<D^1> m2<DU— if=F*W"2 6Xe, 2 6 Y e (0 
U-fey aolft{t«r«TH:«5V>T«iR-S ET£ 

[0 0 7 9] ^XAXf-^WS lfflJtD^X/N 

Z^^Vh^^XAXf-v^WS 2ffl!|CDB^h^Mfi : 
LTfir&frnSc 

[0080] *r&t>-*3, mja?L/c^3, m4cou— *t=f 

M2 6Xa, 2 6 YaOU-fe'V hfttt* ^x/nX-t— 40 
S^W S 1 OffiHtt. tf^tf- 2 6 X a , 2 6 Y a <D 

ffiB<DfHIJ£\ T?$ft2 6 Y a. 2 6Xa 
OK*ii* ; ex^LooUx7 : e-?^UT^XAX 

OttttlCfi-^T (Xa, Ya) ffi«5S±TtT*3o C 
corns, I*7-^ffiFM 1±07-^WM*77^^ 
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fffiJfl (Xo -Ax , Yo -Ay ) Hlott^f; 

£u coffin i¥7-^WA^77^^yb7-^ 

* > h * % V x/ n7 5 -T * > h HSliW A <D4£tfj$i 
i^F^^fiB^^^rci6^ti^-+f , Ti$tt2 6 Y a. 2 
6 X a OSt»Jffl^HOffi*^{fta^^x/NX'r--^W 

ism^s-^^T^x/NX^-^ws i am&gPi&sn 

[0 0 8 1] -)XAWOX, Y. Q (DiiLWiS^tDtctb 

(*fci±x»aj^-^ lffltYW-aiv— ^2«) 

h£LT, -iS»±K:«ti/^X»flJv-^3fflW±. -S 

[0 0 8 2] fLT, CC0ft«'JLfc^-9->^f>3^h 
©T^-f^Vhv— * (^x/vr-^) ffiS^88S-±0 

1 -4 4 4 2 9^«*Jc:HlS*n«<t3a«/^&*ft 
fc£3tttHS»*fr&oT, 9xAW±0±i2*»^3 
v h««0£E#Jx-**#«>So fib. W-WSIRtt. 
jfefc:;R»fc»*£v— *ffiFM 1 ±OV-^WM^77^ 

* > v mmw a otWiW^iTfc«ft t towtf 

Offi (Xo -Ax , Yo -Ay ) ^MtoT, 
ffiFM 1 ±OV-^WM^^XAW±(0§^3 y 

So 

[0 0 8 3] £<0£51CLT. ^XAXf-^WSll 
T9^>77^^h (EGA) 3Wf&fc>tl5<D£M 
tTLT. >)XAXf-^WS 2HlT*te\ ^OctatCLT 
bT^^^RO/^^ — >^^^X/\W±C0>'3 >y hSl^O 

[0084] -rft^-B. £Mwn2 8?»±eotti 

2(DlifiI (Xe, Ye) -?A6T^-T ^ > hSjf^ 
J: D ±3B i: H« L XW ttJ L T v>S v- ^ IS F M 

2±<omm^— ^wA^a?Pi:*rs^>3 ^ kdbb^m 

H-r-^^tcS^V^T. ^#^2 6 Y e. 2 6 X e Off 
ifi*tx? Loo»)XAW±0#i/ a y h^BS^il^ 
ffiB»cffiBi**Loo, BHRB3tt¥3RrtO->^y#*BBBH 
*y»L&#6, Xf^y • TVF • U^-h7?^Tb^ 
^;W^->^^x/NW±tcIiS^^-r^o 
XAXf-^WS 2 ±O^X7NW^^-r SfSTt^^cSlo 
Tn T»tt2 6Xe, 26Ye*U^yHTM 
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(EGA) fc<fc9ffliSfcHimcLTS*v-*« 

(J»Jtt^PLOlSW*i&4:««'--a) i:^XAXf 
SI 2 O *fT»W" 2 6 X e , 26Ye Off 

[0 0 8 5] ® JiaScO^^tCLT. ^x/nXt^^W 
S HK"e7r^>77^^>h (EGA) tf»7U •> 
iAXf-^WS 2$JJT^x;nW±<D^T<D>'3 ^ MM 

«^»-rsu^^;w^*— voBJt^T-rsi:. ^x 

AXf-^W S 1 *HJ&ft¥& P L (DTJiOm 1 ffiB'N 
»»]U ^XAXf-^WS 2^«)xa5MIT*5 20 

[0 0 8 6] t4t>%^ ^XAXf—^WS 1 te±©J$P 
SB 2 8^60jB^JC«:i:T* 1 OU*7 h7-A2 0 

%o £<om 1 ffil^^XAXf-^WS 1 (D&Wltf^ 

[0 0 8 7] CLOU -fey b#»T*r*£, SlOP*7 
h 7-i, 2 0 tic C ™Sg^H^.§cor% m^KDU 30 

[0 0 8 8] Rt, ±Wgl2 8T^5felcai^^X 
AXf->*WS 2ffl!lfc|fUaifc:LT\ R-SET*fTS: 
5o C*UC£?K L/f^;l/77^^yh^^^S^ 
-^iFMUcDV^ *RM<DfB*HHP» ( A Rx , A R 

y ) . t-ato^j^^*PLoja»««(*iomso» 

S^XAXf^^WS 2±Ol¥^fe5l¥T-^R 40 
M^L^OffiB-rtl ( A Rx , ARy ) RtfCOffiBf 

ntHmi»ox-r— s^*SHftB (xi , yi ) tfwtmzn 

So 

[0 0 8 9] 9xaXt^ ^WS l«T?±iS<D<fc3fc:L 
T. =F*W-y-fey hStfR-S E Tffibti^ffii:, £ 

2 2^^i6fW^TU/c^x/NXx-> ? WS 2£r£»£ 
U ^XMSElROfcfe^x/NSttRLfilB 0fS3{£B) 
IOxAXr-ywS2*»J!i$t, ^BU^Lfc^x 
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